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INTRODUCTION. 


SCOPE  OF  REPORT. 


This  paper  presents  the  results  of  several 
years  of  field  and  office  studies  of  the  fossil 
plants  of  the  Southern  Coastal  Plain  and 
treats  of  the  lower  Eocene,  including  beds 
thought  to  be  basal  Ek)cene.  The  main  body 
of  the  material  examined  comes  from  beds 
embraced  in  the  stratigraphic  unit  known  as 
the  Wilcox  group;  the  remainder  was  obtained 
from  strata  regarded  as  a  part  of  the  Midway 
formation,  although  they  may  possibly  be  of 
Wilcox  age.  The  Midway  is  a  typically  marine 
series  of  deposits  throughout  nearly  the  whole 
extent  of  its  outcrop  and  is  consequently  poor 
in  plant  remains,  whereas  the  Wilcox  comprises 
littoral  and  estuanne  sediments  over  wide  areas 
and  contains  one  of  the  most  abundant  and 
varied  fossil  floras  known  to  science.  Both 
these  floras  are  of  the  greatest  im]X)rtance  alike 
to  the  geologist  and  the  biologist.  To  the  geolo- 
gist they  furnish  for  the  first  time  a  means  for 
direct  paleobotanic  comparisons  between  the 
much  disputed  plant-bearing  formations  of 
the  Rocky  Mountain  province  and  the  ma- 
rine Tertiary  formations  of  the  Atlantic  and 
Gulf  waters.  To  the  biologist  they  furnish 
ecologic,  distributional,  and  phylogenetic  data 
of  vital  bearing  upon  succeeding  and  existing 
floras. 

When  William  Maclure  read  his  *' Observa- 
tions on  the  geology  of  the  United  States" 
before  the  American  Philosophical  Society  in 
1809,  he  referred  the  whole  Atlantic  Coastal 
Plain  to  the  *' Alluvial  formation/*  the  fourth 
of  the  grand  divisions  of  the  geologic  colunm 
according  to  the  Wemerian  classification. 

John  Finch,  fifteen  years  later,  was  the  first 
to    suggest    that    the    ^'Alluvial"    was    more 


complex  and  was  the  equivalent  of  the  '*  newer 
Secondary  and  Tertiary  formations**  of  Europe 
and  elsewhere.  American  students  like  Say, 
Morton,  Conrad,  and  Lea,  by  temperament 
more  interested  in  paleontology  and  broad 
correlations  and  realizing  the  futility  of  de- 
tailed correlations  based  on  hthology,  apphed 
themselves  assiduously  to  the  study  of  the 
organic  remains  (chiefly  invertebrates)  col- 
lected from  the  richly  fossiliferous  horizons 
from  New  Jersey  to  Mississippi. 

The  name  Eocene  first  appears  in  American 
literature  in  connection  with  American  de- 
posits in  Lea's  '^Contributions  to  geology," 
pubhshed  in  1833,  where  it  is  applied  to  the 
classic  fossiliferous  outcrop  at  Claiborne  Land- 
ing, Ala. 

My  own  studies,  the  results  of  which  are  here 
presented,  arose  from  the  necessity  of  carrying 
the  correlation  of  the  Tertiary  formations 
across  the  States  of  Mississippi,  Tennessee, 
Kentucky,  Illinois,  Arkansas,  and  Louisiana, 
where  the  earher  Eocene  (Midway  and  Wilcox), 
because  of  the  conditions  of  sedimentation,  in 
places  lacks  the  succession  of  marine  faimas 
develoi>ed  in  the  Alabama  region. 

In  connection  with  the  study  of  the  floras  of 
the  underlying  Cretaceous  and  the  overlying 
Tertiary  I  have  been  occupied  with  this  work 
since  the  beginning  of  1909,  having  spent 
several  months  in  the  field  during  1909,  1910, 
1911,  and  1913  and  having  visited  every 
locality  throughout  the  whole  area  that  prom- 
ised to  furnish  any  facts  bearing  on  the  prob- 
lem in  hand. 

The  Tertiary  floras  of  the  southern  Atlantic 
Coastal  Plain  are  checked  nearly  throughout 
by  intercalated  marine  faunas.     More  chrono- 


LOWEB  EOCENE  FLORAS  OF  SOUTHEASTEBN   KOBTH  AHEBICA. 


logic  units  are  represented  than  in  any  other 
general  region  of  North  America,  since  here  the 
Oligocene,  Miocene,  and  Pliocene,  as  well  as 
the  Eocene,  are  plant  bearing,  whereas  else- 
where in  North  America  there  are  practically 
no  known  Oligocene  or  Pliocene  floras.  It  is 
planned  to  consider  these  floras  in  subsequent 
contributions,  the  preparation  of  which  is 
already  far  advanced.  I  am  indebted  to  many 
friends  for  assistance  during  the  progress  of  the 
work  and  wish  especially  to  acknowledge  my 
indebtedness  for  collections  and  information  to 
my  associates  in  the  study  of  the  Coastal  Plain, 
particularly  Mr.  T.  Wayland  Vaughan,  who 
has  had  general  charge  of  the  Coastal  Plain 
investigations  and  to  whom  the  credit  for  their 
character  and  comprehensive  scope  is  so  largely 
due. 

The  Philippine  Bureau  of  Science  furnished 
me  with  the  picture  showing  the  habitat  of  the 
nipa  pahn  (PI.  VII,  A,  p.  177),  the  New  York 
Botanical  Garden  with  that  showing  the  black 
mangrove  (PI.  VII,  5),  and  the  Augustana 
Book 'Concern  with  that  showing  associations 
of  Coccolobis  (PI.  VIII,  p.  213)  at  St.  Croix,  for 
aU  of  which  I  make  grateful  acknowledgment. 

All  measurements  of  leaves  throughout  this 
work  are  exclusive  of  petioles,  which  are  given 
separately  wherever  they  are  known. 

AREA  COVERED  BT  REPORT. 

The  geographic  term  ^'southeastern  North 
America,"  as  used  in  the  present  work,  can  be 
precisely  defined.  The  area  includes  the  main- 
land south  of  latitude  41°  N.  and  east  of  longi- 
tude 100°  W.  These  limits  are  fixed  by  the 
events  of  geologic  history,  for  no  Tertiary 
plants  are  known  from  this  area  except  those 
preserved  in  what  were  coastal  deposits,  all  of 
which  are  included  within  the  present  Gulf  and 
Atlantic  Coastal  Plain. 

The  region  has  at  no  time  during  the  long 
ages  of  the  Tertiary  period  been  coextensive 
with  the  fioral  or  f aunal  province  of  which  it 
was  a  part.  From  the  close  of  the  Cretaceous 
to  the  dawn  of  the  Miocene  it  formed  a  part  of 
the  floral  province  that  included  also  the  vary- 
ing lands  to  the  south — the  Antillean  region 
to  the  southeast  and  the  Central  American 
country  to  the  southwest,  both  avenues  of  more 
or  less  close  connection  with  northern  South 
America.     Too  httle  is  known  of  either  the  ge- 


ologic history  or  the  Tertiary  flora  of  the  Antil- 
lean or  Mexican  regions  to  bring  them  within 
the  scope  of  the  present  discussion,  although 
both  present  a  variety  of  problems  of  almost 
infinite  interest,  and  doubtless  the  history  of 
the  evolution  of  the  Tertiary  floras  of  south- 
eastern North  America  can  not  be  fully  de- 
ciphered, even  in  its  broader  details,  until  these 
strategic  areas  are  studied. 

Nor  did  the  floral  province  during  the  Ter- 
tiary terminate  on  the  north  with  latitude  41°. 
Obviously,  the  coastal  flora  that  is  so  largely 
represented  in  the  collections  studied  did  not 
continue  inland  as  a  unit  over  the  land  remote 
from  the  estuaries  and  coastal  lagoons  in  which 
the  relics  of  these  floras  were  preserved.  At  the 
same  time  there  is  much  evidence  to  show  that 
the  land  was  low,  at  least  during  the  Eocene  and 
Oligocene,  and  the  fortunate  preservation  of 
some  evidence  of  the  inland  flora  in  the  fluvia- 
tile  or  lacustrine  lignites  at  Brandon,  Vt.,  sub- 
stantiates the  conclusion  that  the  pre-Miocene 
Tertiary  flora  had  the  same  general  facies 
throughout  this  whole  area  and  extended 
northward  beyond  the  limits  fixed  at  the  be- 
ginning of  this  chapter. 

Most  of  the  fossils  discussed  in  the  present 
study  came  from  the  area  known  as  the  Missis- 
sippi embayment,  and  mainly  from  a  relatively 
small  area  in  this  extensive  region  in  Louisiana, 
Arkansas,  Kentucky,  Tennessee,  and  Missis- 
sippi. The  limits  of  this  area  are  also  fixed  by 
the  geologic  history  of  the  region,  since  here  the 
shallow  shifting  marginal  waters  furnished  al- 
most ideal  conditions  for  receiving  and  preserv- 
ing the  vegetable  d6bris  of  the  near-by  mainland. 

The  area  thus  defined  embraces  roughly 
1,500,000  square  miles  and  in  times  past 
doubtless  furnished  congenial  habitats  for  sev- 
eral thousand  specific  types,  of  which  we  can 
never  hope  to  know  more  than  a  small  number. 
When  it  is  recalled  that  nearly  all  these  types 
have  irrevocably  vanished  and  that  this  vast 
area  is  tenanted  to-day  by  an  entirely  new  set 
of  plants,  some  idea  of  the  dynamic  and  epic 
character  of  the  floral  history  is  forced  upon 
the  dullest  imagination. 

OUTLINE  OF  OEOLOOIC  HISTORY. 

The  geologic  history  of  this  region  includes 
the  withdrawal  of  the  marine  waters  of  the 
late  Upper  Cretaceous  Mississippi  embayment 
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an  undetermined  distance  southward  and  an 
interval  of  emergence,  followed  by  a  rapid 
transgression  of  the  shallow  Midway  sea  ap- 
proximately to  the  limits  of  the  Kipley  sea. 
The  waters  of  the  Midway  sea,  however,  ap- 
pear to  have  been  deeper  and  the  transgres- 
sion falls  somewhat  short  of  reaching  the  Kip- 
ley shore  line  except  at  the  head  of  the  Missis- 
sippi Gulf  in  southern  Illinois  and  in  the  vicin- 
ity of  Little  Kock,  Ark.  At  the  close  of  the 
Midway  most  of  the  area  again  became  land, 


as  will  be  shown  in  the  subsequent  discussion 
of  the  Wilcox  group.  At  the  maximum  of  the 
Wilcox  transgression,  which  followed  this  pe- 
riod of  emergence,  most  of  this  area  was  again 
submerged,  but  the  whole  upper  part  of  the 
embaymcnt  was  a  region  of  lagoons  and  shift- 
ing s^nds  with  littoral  and  palustrine  deposits, 
marine  faunas  not  having  been  found  north  of 
latitude  33°,  while  the  deposits  of  Wilcox  age 
extend  to  latitude  37°  at  least. 
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MIDWAY  FORMATION. 

8TT7DY  OF  THE   STBATIORAPHY. 

Interest  in  the  study  of  the  Midway  forma- 
tion has  been  confined  wholly  to  its  geology  and 
paleozoology.  I  know  of  no  mention  of  fossil 
plants,  aside  from  lignitic  material,  except 
Glenn's  ^  statement  of  their  occurrence  in  a  cut 
on  the  Southern  Railway  just  east  of  Middle- 
ton,  Tenn. 

With  regard  to  the  nomenclature  of  the  Mid- 
way, it  is  to  be  noted  that  Hilgard '  in  1860 
divided  the  Tertiary  of  that  State  into  Great 
Northern  Lignitic,  Claiborne,  Jackson,  and 
Vicksburg,  the  first  including  as  its  basal  mem- 
ber the  so-called  Flatwoods  clay.  In  1864  Saf- 
ford  *  proposed  the  name  Porters  Creek  group 
for  the  basal  Eocene  in  west  Tennessee.  In 
1887  Smith  and  Johnson^  differentiated  in 
southern  Alabama  three  formations,  which 
they  named  Midway  (basal  deposits  of  Mid- 
way group,  later  called  Clayton  limestone), 
Black  Bluff  (=Sucamoochee),  and  Naheola 
or  Matthews  Landing,  retaining  them  as 
members  of  Hilgard's  Lignitic  group,  the  Mid- 
way taking  its  name  from  Midway  Landing 
on  the  west  bank  of  Alabama  River  in  Wilcox 
County,  Ala.  In  1894  the  paleozoologic  studies 
of  Harris  *  led  him  to  propose  the  term  Midway 
stage  for  these  and  synchronous  deposits  in 
adjoining  States.  These  constitute  the  Mid- 
wayan  stage  of  Dall's  correlation  paper "  pub- 
lished two  years  later.  The  detailed  history  of 
the  study  of  these  deposits,  both  before  and  sub- 
sequent to  this  date,  is  not  within  the  province 
of  this  sketch  of  the  nomenclature. 

The  Midway  is  singularly  poor  in  remains  of 
land  plants,  which  abound  in  subsequent 
Eocene  deposits,  especially  those  of  the  Wilcox 
and  Claiborne  groups,  so  that  the  study  of  the 

1  Qlenn,  L.  C,  U.  S.  Oeol.  Survey  Water^upply  Paper  IM,  p.  32, 1906. 

•  Hilgard,  E.  W.,  Report  on  the  geology  and  agriculture  of  Mississippi, 
pp.  110-111, 1860. 

•Saflord,  J.  M.,  Am.  Jour.  8ci.,  2d  ser.,  vol.  37,  p.  368, 1864. 
4  Smith,  E.  A.,  and  Johnson,  L.  C,  U.  S.  Oeol.  Survey  Bull.  43,  p.  18, 
1887. 

•  Harris,  O.  D.,  Arkansas  Geol.  Survey  Ann.  Rept.  for  1892,  vol.  2, 
pp.  8, 9, 22, 1894;  Bull.  Am.  Paleontology,  vol.  1,  pp.  11-13, 1896. 

•  Dall,  W.  H.,  U.  S.  Oeol.  Survey  Eighteenth  Ann.  Rept.,  pt.  2,  table 
opp.  p.  334, 1898. 
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flora  contributes  but  little  to  the  elucidation  of 
the  Midway  deposits,  much  less  than  it  does  to 
any  other  Tertiary  horizon  of  southeastern 
North  America. 

CHARACTER  AND  DISTBIBtTTION. 

Except  for  thin  exposures  of  the  Black  Mingo 
formation  carrying  Midway  invertebrates  in 
the  Santee  drainage  basin  of  South  Carolina, 
the  easternmost  loiown  exposures  of  Midway 
strata  occur  in  Houston  County,  in  central 
Georgia.  To  the  east  they  are  buried  by 
the  transgressions  of  both  the  Claiborne  and 
Jackson.  To  the  west  they  outcrop  as  a 
narrow  belt  of  sands,  clays,  and  limestones  esti- 
mated to  be  more  than  400  feet  thick.  Along 
the  Chattahoochee  the  Midway  is  represented 
by  about  200  feet  of  calcareous  sands  and  lime- 
stones. These  strata  form  a  continuous  belt 
across  Alabama,  where  the  Midway  becomes  a 
group,  differentiated  into  three  formations — 
the  Clayton  limestone,  Sucamoochee  clay',  and 
Naheola  formation.  The  first  is  an  impure 
limestone,  the  second  a  brown  or  black  clay, 
and  the  third  a  sandy  glauconitic  clay.  To- 
ward the  western  border  of  Alabama  the  strike 
of  the  Midway  deposits  swings  aroimd  toward 
the  northwest.  It  becomes  almost  due  north 
soon  after  entering  Mississippi,  and  crosses 
the  northeastern  part  of  that  State,  where  the 
deposits  are  lithologically  bipartite  instead  of 
tripartite,  consisting  of  limestones  below  and 
clays  above.  The  clays  form  the  so-called 
Flatwoods,  and  to  them  has  been  applied  the 
name  Porters  Creek  clay,  used  by  Safford  in 
Tennessee.  They  are  supposed  to  represent 
the  Sucamoochee  and  Naheola  formations  of 
western  Alabama.  The  strike  of  the  beds  of 
Midway  age  becomes  east  of  north  across  west- 
em  Tennessee,  where  they  have  also  been 
called  Porters  Creek  clay.  They  consist  of 
more  than  200  feet  of  dark  clays,  with  some 
limestones  and  glauconitic  sands.  In  Marshall 
County,  Ky.,  the  belt  of  outcropping  deposits 
of  Midway  age,  which  is  10  to  12  miles  in 
width,  turns  westward,  crossing  Ohio  River 
into  Pulaski  Coimty,  111.     It  is  cut  out  by  the 
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Mississippi  and  Cache  River  bottoms  or  cov- 
ered with  Pleistocene  deposits  west  of  the 
Illinois  area,  although  Shepard  identifies  it  in 
at  least  one  well  in  southeastern  Missouri.  The 
Midway  deposits  reappear  in  Independence 
County,  Ark.,  from  which  locality  they  may  be 
traced  southwestward  with  but  few  breaks.  In 
the  vicinity  of  Little  Rock  the  Midway,  which 
there  consists  of  calcareous  sands  and  f ossilif er- 
ous  limestones,  overlaps  the  Cretaceous  and 
rests  on  the  Paleozoic. 

The  Midway  is  extensively  developed  from 
Arkansas  southwestward  across  Texas  to  the 
Rio  Grande.  Usually  it  has  not  yet  been  sub- 
divided and  the  name  is  used  in  a  formational 
rather  than  a  group  sense,  although  the  thick- 
nesses indicate  the  presence  of  deposits  laid 
down  during  the  time  interval  represented  by 
the  typical  Midway  of  Alabama.  In  the 
Texas  area  the  Midwav  consists  of  200  to  400 
feet  of  lignitic  clays  and  sands  with  fossilif erous 
concretions.  According  to  Dumble  ^  it  ex- 
tends an  undetermined  distance  into  Mexico. 

There  is  an  erosional  imconformity  at  the 
base  from  Georgia  to  the  Rio  Grande,  although 
it  is  largely  obscured  by  the  lithologic  similarity 
between  the  Upper  Cretaceous  and  the  basal 
Eocene. 

LOCAL  SECTIONS. 

I 

As  has  been  already  stated,  the  Midway  in 
its  type  area  contains  few  if  any  determinable 
plant  remains,  although  lignitic  inclusions  are 
widespread  and  carbonaceous  days  and  less 
finely  divided  remains  of  former  vegetation 
testify  to  the  nearness  of  shores  covered  with  a 
luxuriant  plant  growth.  All  the  determinable 
Midway  (?)  plants  have  come  from  a  single 
outcrop  near  Earle,  in  Bexar  Coimty,  Tex., 
and  only  two  local  sections  are  here  presented. 

At  Earle,'  about  11  miles  due  south  of  San 
Antonio,  in  a  guUy  just  south  of  Medina  River, 
a  hard  calcareous  sandstone  carrying  fossil 
leaves  has  been  quarried.  This  rock  is  the 
indurated  portion  of  a  greenish-gray  cross- 
bedded,  rather  fine  sand  formation.  The 
whole  thickness  is  exposed  for  more  than  40 
feet,  but  the  coimtry  is  flat  and  exposures  are 
rare  and  disconnected.  Along  Medina  River, 
about  5i  miles  west  of  the  leaf-bearing  out- 
crop, at  a  slightly  lower  stratigraphic  horizon, 

1  Dumble.  E.  T.,  Sdenoe,  new  ser.,  voL  33,  pp.  232-234, 1911. 
3 1  am  indebted  to  L.  W.  Stephenson  and  Alexander  Deussen  for  col- 
lections and  notes  on  this  locality. 


Deussen  has  collected  Midway  invertebrates, 
and  in  his  opinion  there  is  little  doubt  of  the 
Midway  age  of  the  plant-bearing  bed  at  Earle. 
The  only  other  section  of  deposits  of  Midway 
age  worth  mentioning  in  the  present  connection 
is  along  the  Southern  Railway  2  miles  east  of 
Middleton,  in  Hardeman  Coimty,  Tenn.  At 
this  locality  a  low  exposure  in  the  Porters 
Creek  clay  shows  about  10  feet  of  yellowish 
weathered,  slightly  glauconitic  sand,  grading 
down  into  a  friable  sandy  micaceous  drab  clay 
with  ferruginous  films,  that  carries  both  broken 
leaves  and  casts  of  invertebrates.  The  drab 
clay  is  exposed  for  about  4  feet.  None  of  the 
leaves  are  specifically  determinable,  but  at  least 
two  species  of  Ficus  and  several  other  genera 
are  represented.  About  half  a  mile  west  of  this 
outcrop  a  sandy  micaceous  glauconitic  clay  of 
the  same  age  contains  a  considerable  Midway 
faima. 

REULTIONS  OF  THE  FLORA. 

The  flora  thus  far  foimd  in  Midway  deposits 
is  so  extremely  scanty  that  it  affords  little 
basis  for  extended  comparisons  with  other 
floras  of  about  the  same  age  or  those  im- 
mediately older  and  yoimger.  However,  as 
the  probability  of  the  discovery  of  extensive 
plant-bearing  deposits  of  Midway  age  in  the 
future  is  slight,  certain  conclusions  may  be 
deduced  from  the  present  collections.  Only 
10  species  are  described  in  the  systematic 
section  devoted  to  this  flora,  all  leaves  of 
dicotyledonous  plants,  including  representa- 
tives of  the  families  Moraceae,  Platanaceae, 
Lauracese,  AnonacesB,  Papilionaceae  and  Com- 
bretacesB.  The  family  Moraceae  is  the  most 
abimdant,  four  species  and  fragments  of  other 
unidentifiable  forms  having  been  obtained  at 
different  localities.  When  comparisons  are 
made  with  the  immediately  antecedent  floras 
of  the  Upper  Cretaceous  in  tins  and  other 
areas  a  very  great  discontinuity  is  at  once 
apparent,  in  spite  of  the  smallness  of  the  known 
Midway  (?)  flora. 

The  areal  distribution  of  the  Upper  Cretace- 
ous deposits  of  southeastern  North  America 
has  been  studied  in  detail  during  the  last  six  or 
seven  years  by  Mr.  L.  W.  Stephenson,  who  is 
an  experienced  and  assiduous  collector  of  fossil 
plants.  I  have  also  been  over  most  of  the 
area,  so  that  the  failure  to  discover  fossil  plants 
can  not  be  attributed  to  the  lack  of  careful  and 
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intelligent  work.  The  initial  Upper  Cretaceous 
deposits  in  this  area,  represented  by  the  Wood- 
bine sand  of  northeastern  Texas  and  the  Tus- 
caloosa formation  of  northeastern  Mississippi 
and  w^tem  and  central  Alabama,  have  fur- 
nished an  abundant  flora,  which  I  have  re- 
cently monographed. 

The  succeeding  Eutaw  formation  or  its 
equivalents  has  furnished  a  considerable  flora 
in  central  Alabama  and  western  Georgia,  chiefly 
from  its  basal  beds.  The  Eutaw  formation  is 
succeeded  by  more  than  2,000  feet  of  marine 
strata,  represented  by  the  Selma  and  Ripley 
formations  or  their  equivalents,  which  are 
practically  without  plant  remains.  The  Selma 
19  a  lithologic  rather  than  a  chronologic  unit 
and  represents  an  inmiense  deposit  of  argil- 
laceous chalk  in  a  region  where  at  that  time 
terrigenous  materials  appear  to  have  been  re- 
duced to  a  minimum.  This  in  a  measure 
accounts  for  the  absence  of  fossil  plants,  al- 
though the  waters  are  known  to  have  been 
shallow,  for  certainly  none  have  ever  been  dis- 
covered. I  have  never  seen  the  trace  of  a  leaf 
impression  or  a  piece  of  petrified  wood,  and  even 
small  lignitized  sticks  are  extremely  rare.  The 
Ripley  deposits  at  many  places  exhibit  the 
appearance  of  near-shore  sediments  of  terrig- 
enous material  and  are  commonly  somewhat 
carbonaceous,  but  they  have  not  yielded  a 
representative  flora.  In  western  Georgia  and 
in  western  Tennessee,  where  they  most  mark- 
edly show  a  shallowing  of  the  Cretaceous  sea, 
some  few  determinable  plants  have  been  found. 
These  plants  show  some  affinities  with  those  of 
the  upper  part  of  the  Montana  group  of  the 
Rocky  Mountain  province  but  not  the  sUghtest 
hint  of  Laramie  affinities.  The  conclusion 
seems  reasonable,  in  spite  of  the  negative  char- 
acter of  the  evidence,  that  the  Laramie  flora  is 
unrepresented  in  southeastern  North  America. 
In  other  words,  the  emerged  area  in  this  region 
available  for  study  at  the  present  time  was  also 
above  the  sea  during  at  least  a  part  of  the  time 
when  the  Laramie  deposits  were  being  laid 
down  in  the  Rocky  Mountain  province.  This 
fact  is  of  greatest  importance,  for  though  there 
is  an  evident  physical  break  between  the  Rip- 
ley deposits  and  those  of  the  Midway,  this 
break  does  not  show  intrinsic  evidence  of  any 
great  magnitude.  The  faunas,  however,  which 
are  so  much  more  representative  than  the 
floras  in  both  the  Ripley  and  the  Midway,  are 


decidedly  different,  and  the  little  floral  evi- 
dence available  indicates  a  very  great  floral 
change  between  the  Ripley  and  the  Midway. 
If  there  were  no  corroborative  evidence,  though, 
as  I  have  just  stated, ,  there  is  considerable,  I 
would  be  obhged  to  predicate  an  interval  of 
great  magnitude  to  account  for  the  evolution 
and  intermigration  of  floras  which  intervened 
between  the  Ripley  and  the  earliest  plant- 
bearing  Eocene. 

There  is  then  little  in  conmion  between  the 
Midway  (?)  flora  of  Earle,  Tex.,  and  the  Cre- 
taceous flora.  The  genera  Ficus,  Platanus, 
Cinnamomum,  Asimina,  and  Laurus  occur  in 
both,  but  they  are  all  long-lived  genera,  which 
appear  at  the  base  of  the  Upper  Cretaceous 
and  continue  to  the  present  time,  and  all  but 
the  genus  Asimina  have  a  very  large  number 
of  species.  None  of  these  Midway  (?)  species 
occur  in  the  Cretaceous  of  this  or  any  other 
area,  in  spite  of  the  fact  that  both  the  Upper 
Cretaceous  flora  in  this  area  as  well  as  that  of 
the  Midway  (?)  contain  plants  of  similar  low 
coastal  habitats  and  warm  humid  climatic 
conditions. 

Only  2  of  the  10  Midway  ( ?)  species  are  new, 
and  the  genera  to  which  they  are  referred  are 
not  even  represented  in  described  Cretaceous 
or  Eocene  floras.  The  other  8  species  have 
been  found  also  in  other  places.  The  following 
species  are  found  in  the  overlying  deposits  of 
the  Wilcox  group:  Ficus  denverianaj  Ficus 
sp.,  and  Terminalia  hilgardiana.  The  follow- 
ing species  occur  in  the  Raton  formation  of  the 
Raton  Mesa  coal  field  in  Colorado  and  New 
Mexico:  Ficus  ocddentalis,  Ficus  denveriana, 
Platanus  aceroides  latifolia,  and  Terminalia  hil- 
gardiana. Five  of  the  8  species  or  50  per  cent  of 
the  known  Midway  ( ?)  flora  occur  in  the  Denver 
formation  of  the  Denver  Basin  of  Colorado. 
These  are  Ficu^  denverianaj  Ficus  occidentalism 
OinnaTnomum  affine,  Laurus  vxirdiana,  and 
Asimina  eocenica.  This  fact  is  of  great  import- 
ance, as  some  geologists  dispute  the  Eocene  age 
of  the  Denver  formation,  but  no  one  can  dis- 
pute the  age  of  the  Midway  ( ?)  plants,  which 
are  underlain  by  beds  containing  an  unques- 
tionable marine  fauna  and  these  outcrop  on 
the  landward  side  of  all  the  Tertiary  leaf- 
bearing  deposits  of  southeastern  North  Amer- 
ica from  Chattahoochee  River  to  the  mouth 
of  the  Ohio  and  southwestward  to  the  Rio 
Grande. 
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The  Midway  ( ?)  flora  furnishes  but  meager 
data  for  conjectures  regarding  the  physical 
conditions  under  which  it  grew  in  southern 
Texas.  The  plants  are  all  forms  whose  modern 
representatives  flourish  In  a  warm  humid  cli- 
mate in  low-lying  coastal  lands,  and  such  evi- 
dence as  may  be  deduced  from  so  few  species 
indicates  that  temperatures  were  higher  during 
the  initial  Eocene  than  during  the  deposition 
of  the  Upper  Cretaceous  in  this  region. 

The  European  floras  most  similar  to  that  of 
the  Midway  (?)  are  those,  likewise  poorly 
represented  in  marine  deposits,  of  the  Montian 
and  Thanetian  stages  in  the  so-called  Paris 
Basin  in  northern  France,  Belgium,  and  south- 
eastern England. 

SYSTEMATIC  DESCRIPTIONS. 

Order  UBTICALBS. 

Family  MORACEA. 

Genus  POUBOUMA  Aublet 

PouROUMA  TEXANA  Berry,  n.  sp. 

Plates  I  and  II. 

Description, — ^Leaves  of  large  size,  trilobate, 
petiolate.  Maximum  size  observed,  21  centi- 
meters in  length  by  20  centimeters  in  width 
from  tip  to  tip  of  the  lateral  lobes.  Margins 
entire,  slightly  undulate.  Lobes  conical  and 
pointed,  directed  upward,  separated  by  broad, 
shallow  rounded  sinuses  which  reach  less  than 
one-third  the  distance  to  the  base.  Base 
broadly  (truncately)  rounded,  the  margins 
curving  downward  at  the  petiole.  Petiole 
long  and  stout.  Primaries  three  in  number, 
stout,  diverging  at  angles  of  about  30**  from 
the  extreme  base.  In  some  specimens  the 
outer  lamiuBB  join  the  lateral  primaries  some 
distance  above  their  base.  Midrib  stoutest  of 
the  three,  straight.  Laterals  nearly  straight, 
more  or  less  curved  outward,  distad.  Sec- 
ondaries numerous,  thin,  approximately  par- 
allel, regularly  spaced,  branching  from  the 
primaries  at  angles  of  about  35®  to  45®,  rather 
straight  in  their  course,  abruptly  arching  at 
the  margin  to  join  the  secondary  next  above. 
The  undulations  of  the  margins  of  the  lobes 
follow  closely  these  camptodrome  arches  of  the 
secondaries.  Tertiaries  thin,  mostly  percur- 
rent.     Textiu^e  coriaceous. 

These  large,  rigid,  coriaceous  leaves  are 
striking  objects  and  strongly  suggest  a  rela- 
tionship with  those  protean  forms  from  the 


Upper  Cretaceous  referred  to  the  genus  AraU- 
opsis,  as  for  example  Araliopsis  cretcLcea 
(Newberry)  Berry  *  or  more  especially  Araliop- 
sis breviloba  Berry.' 

Pourouma  texana  is  variable  in  size  and 
shows  a  superficial  resemblance  to  the  gigan- 
tic Ardlia  notaia  Lesquereux'  of  the  lower 
Eocene  Fort  Union  and  Denver  formations  of 
the  Rocky  Mountain  region.  It  is,  however, 
smaller  than  the  western  species,  has  a  much 
less  developed  median  lobe,  and  aU  the  lobes 
are  less  full  and  much  more  conical  in  outline. 
It  is  by  no  means  certain  that  Aralia  notcUa  is 
really  an  AraUa,  and  it  is  quite  possible  that  it 
is  congeneric  with  Pourouma  texana  and  that 
both  should  be  referred  to  a  new  genus. 

The  present  species  shows  resemblances  to 
the  section  Lobatse  of  the  genus  StercuUa, 
which  includes  species  of  tropical  Asia,  Africa, 
the  East  Indies,  and  especially  of  tropical 
America.  In  general  form  it  is  much  like 
some  fossil  species  of  StercuUa,  suggesting  a 
relationship  with  the  Cretaceous  StercuUa 
snowii  Lesquereux*  or  with  the  Tertiary  OU- 
gocene  and  Miocene  species  of  Europe,  Ster- 
cuUa tenuinervis  Heer.* 

It  also  greatly  resembles  various  modem 
species  of  the  family  Moracese  and  is  especially 
like  the  lobate-leafed  species  of  Pourouma, 
which  has  a  score  or  more  species  in  the  exist- 
ing flora  of  tropical  South  America.  The 
present  species  may  be  compared  more  espe- 
cially with  Pourouma  guianensis  Aublet  of  the 
Caribbean  coast  of  South  America. 

It  is  common  at  Earle,  occurring  in  a  gray 
quartzitic  sandstone. 

Occurrence. — ^Midway  (?)  formation,  Earle, 
Bexar  County,  Tex.  (collected  by  Alexander 
Deussen  and  L.  W.  Stephenson) . 

Collection, — U.  S.  National  Museum. 

Genus  FICUS  Liiui^. 
Ficus  DENVERLA.NA  Cockcrell. 

Ficu9  spectahilia.    Lesquereux,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Ann.  Rept.  for  1872,  p.  379, 1873. 
Lesquereux,  The  Tertiary  flora,  p.  199,  pi.  33,  figs.  4-6, 

1878. 
Lesquereux,  U.  S.  Nat.  Mus.  Proc.,  vol.  11,  p.  25,  1888. 

»  Beny,  E.  W.,  Torrey  Bot.  Club  Bull.,  vol.  38,  p.  413, 1911. 

>  Idem,  p.  417. 

s  Lesquereux,  Leo,  The  Tertiary  flora,  p.  237,  pi.  39,  figs.  2-4, 1878. 

*  Lesquereux,  Leo,  The  flora  of  the  Dakota  group:  U.  S.  Oeol.  Survey 
Hon.  17,  p.  183,  pi.  30,  flg.  5;  pi.  31,  flgs.  2,  3;  pi.  32;  pi.  33,  figs.  1-4, 1892. 

»  Heer,  Oswald,  Flora  tertiaria  Helvetise,  vol.  3,  p.  35,  pi.  109,  flg.  7, 
1859. 
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Lawrui  utdhentM.    Lesquereux,  U.  S.  Nat.  Mus.  Proc . ,  vol . 

11,  p.  24, 1888. 
Fieus  goldiana,    Leequereux,  idem^  p.  25.    (Specimen 

No.  2471.) 
Ficus  denveriana,    Cockerell,  Torreya,  vol.  10,  p.  224, 1910. 

Description. — This  species  was  described  by 
Lesquereux  from  the  Denver  formation  and  was 
based  at  first  on  the  large  leaf  shown  in  figure  5 
of  Plate  XXXIII  of  ^'The  Tertiary  flora/' 
Subsequently  leaves  of  all  sizes  and  showing  a 
considerable  range  of  variation  were  referred  to 
this  species.  It  is  abundant  in  the  western 
half  of  the  Mississippi  embayment  area  and  may 
be  recharacterized  as  follows:  Leaves  of  vari- 
able size,  ranging  from  6  to  15  centimeters  in 
length  and  from  2.25  to  8.5  centimeters  in 
maximum  width,  which  is  at  or  more  com- 
monly below  the  middle.  Broadly  ovate  in  out- 
line and  with  a  somewhat  extended  acuminate 
tip  and  a  broadly  rounded,  slightly  decurrent 
base.  Margins  entire.  Texture  coriaceous. 
Midrib  stout,  prominent  on  the  lower  surface  of 
the  leaf.  Secondaries  of  medium  size,  numer- 
ous, opposite  to  alternate,  close  or  somewhat 
remotely  placed,  generally  subparallel,  diverg- 
ing from  the  midrib  at  angles  of  about  45^, 
camptodrome  in  the  marginal  region.  The 
lower  pair  may  be  opposite  and  somewhat 
stouter,  with  outside  lateral  camptodrome 
branches,  thus  simulating  a  palmately  tri- 
veined  leaf.  This  is  true  of  some  of  the 
Louisiana  material  as  well  as  of  some  of  the 
type  material  from  the  Denver  formation,  but 
in  general  the  secondaries  are  all  similar  and 
subparallel. 

This  species  makes  its  appearance  in  the 
Midway  (?)  of  Texas  as  well  as  the  basal 
Ek)cene  of  the  Rocky  Mountain  province.  It 
continues  throughout  the  Wilcox  in  Arkansas 
and  Louisiana,  but  has  not  been  detected  in 
the  Eastern  Gulf  area. 

Occurrence, — ^Midway  (?)  formation,  near 
Earle,  Bexar  County,  Tex.  (collected  by  Alex- 
ander Deussen). 

Collection. — U.  S.  National  Museum. 

Ficus  occiDENTALis  (Lesquercux)  Lesquereux. 

Dombeyopsis  ocddentalis.    Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1872,  p.  380, 1873. 

Ficvs  ocddentalis.    Lesquereux,  The  Tertiary  flora,  p.  200, 
pi.  32,  fig.  4,  1878. 
Lesquereux,  Harvard  Coll.  Mus.  Comp.  Zool.  Bull., 
vol.  16,  p.  50,  1888. 

Description. — Leaves  of  large  size,  orbicular 
in  general  outline,  with  a  narrowed  and  pro- 


duced tip.  Base  truncate  or  slightly  cordate. 
Length  about  12  centimeters.  Maximum 
width,  at  or  below  the  middle,  about  8.5  centi- 
meters. Margins  entire.  Texture  coriaceous. 
Primaries  stout,  prominent,  three*  in  number, 
diverging  from  the  base  of  the  leaf,  the  midrib 
being  the  stoutest.  Secondaries  numerous, 
stout,  camptodrome.  Tertiaries  thin  but  well 
marked,  percurrent,.  forking  near  the  middle. 

The  type  of  this  species  came  from  the  Den- 
ver formation  at  Golden,  Colo.,  and  was 
originally  referred  to  Dombeyopsis  by  Les- 
quereux because  of  its  supposed  resemblance  to 
the  existing  genus  Dombeya  Cavanailles  of  the 
Sterculiacese.  It  resembles  Ficus  tUisefolia  and 
also  Ficus  harrunarui,  which  was  described  by 
Hollick  from  the  Wilcox  Eocene  of  Louisiana. 
It  is  not  uncommon  in  the  Raton  formation  of 
New  Mexico.  It  occurs  in  a  fragmentary  con- 
dition in  the  Midway  (?)  collections  from 
Texas  and  is  also  a  member  of  the  succeeding 
Wilcox  flora. 

Occurrence. — Midway  (?)  formation,  Earle, 
Bexar  County,  Tex.  (collected  by  Alexander 
Deussen  and  L.  W.  Stephenson). 

Collection. — ^U.  S.  National  Museum. 

Ficus  sp. 

Description. — Leaves  of  large  size  and  ample 
width,  either  entire  or  more  or  less  trilobate. 
Length  at  least  20  centimeters.  Maximum 
width  about  the  same  as  the  length.  Margin 
not  preserved.  Leaf  substance  subcoriaceous. 
Venation  open,  not  stout,  tripalmate  from  at  or 
near  the  base.  Lateral  primaries  of  the  same 
caliber  as  the  midrib.  Secondaries  suboppo- 
site  and  subparallel.  Tertiaries  numerous, 
regular,  subparallel,  percurrent.  Areolation 
open,  largely  quadrangular. 

This  large-leafed  species  is  represented  only 
by  fragments.  Though  it  appears  to  represent 
a  new  species  it  is  too  incomplete  for  specific 
characterization.  It  is,  however,  identical 
with  similar  fragments  described  by  me  from 
the  Holly  Springs  sand  of  the  Wilcox  group  at 
Holly  Springs,  Miss.  It  resembles  a  number 
of  existing  and  fossil  large-leafed  species  of  the 
genus  Ficus,  but  it  is  not  certainly  a  Ficus, 
although  it  is  clearly  a  member  of  the  family 
Moraceae.  It  also  suggests  the  aUied  genus 
Cecropia  Linn6,  which  has  from  30  to  40 
existing  species  in  tropical  America,  where  they 
range  from  Mexico  to  Brazil.  Ettingshausen 
referred  a  fossil  form  from  the  Aquitanian  of 
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Bohemia  to  this  genus,  descrihing  it  as  Cecropia 
heerii,^  which,  in  so  far  as  comparisons  are  pos- 
sible, is  very  close  to  the  form  imder  discussion. 
Another  species  has  been  described  by  this 
author  from  the  same  horizon,  and  he  also 
records  '  a  species  of  Cecropia  from  the  lower 
Eocene  ( Ypresian)  of  Alum  Bay,  England,  which 
unfortunately  was  never  described  or  figured. 

This  species  is  represented  by  fragments  both 
in  the  Midway  (?)  of  Texas  and  the  Holly 
Springs  sand  of  the  Wilcox  group  of  Mississippi. 

Occurrence. — ^Midway  (?)  formation,  Earle, 
Bexar  County,  Tex.  (collected  by  Alexander 
Deussen). 

Collection, — U.  S.  National  Museum. 

Order  PULTANALBS. 
FamUy  PLATANACEA. 
Genus  PLATANUS  LinnC. 

Platanus  aceboides  latifolia  Knowlton. 

PlaUmtu  aceroides  latifolia.    Knowlton,  U.  S.  Oeol.  Survey 
Prof.  Paper  (MS.). 

Description. — ^This  variety  of  the  widespread 
PhUanus  aceroides  of  the  European  and  Ajner- 
ican  Tertiary  is  similar  to  the  type  but  is  pro- 
portionately wider  and  less  elongated,  and  the 
margin  is  less  prominently  toothed,  the  teeth 
being  numerous,  smaU,  and  rather  blunt.  It  is 
represented  by  several  incomplete  specimens  in 
the  Midway  (?)  collection,  all  of  which  agree 
admirably  with  the  complete  and  abundant 
material  from  the  Raton  formation  of  New 
Mexico  and  Colorado,  on  which  Knowlton  based 
this  new  variety. 

Occurrence. — ^Midway  (?)  formation,  Earle, 
Bexar  Coimty,  Tex.  (collected  by  Alexander 
Deussen). 

Collection. — ^U.  S.  National  Museum. 

Order  RAN  ALB  8. 

Panuly  LAUBACEA. 

Genus  CINNAMOMUM  Bhiine. 

CiNNAMOMUM   AFFINE   LcsqUCrCUX. 

Plate  III,  figure  2. 

Cmruxnumium  affine.    Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1869,  p.  196;  idem  for 
1872,  p.  383;  idem  for  1874,  p.  401. 
Lesquereux,  The  Tertiary  flora,  p.  219,  pi.  37,  figs. 
1-5,  7,  1878. 

Description. — Leaves  ovate-lanceolate  in  out- 
line, somewhat  variable  in  form  and  decidedly 

1  Ettiiigshatisen,C.Ton,  Dlefossile  Flora  des  Tertiar-Beckens  von  Billn: 
K.  Akad.  Wias.  Wien,  Math.-Nat.  01.,  Denkschr.,  vol.  26,  pt.  1,  p.  82, 
pL27,fl«.  7, 1867. 

sRoy.  Sec.  London  Proc.,  vol.  30,  p.  232, 1880. 


variable  in  size.  Apex  amd  base  acuminate. 
Primaries  three,  slightly  suprabasilar.  Dimen- 
sions of  Texas  specimen:  Length,  8.5  centi- 
meters; maximum  width,  in  lower  half  of  leaf, 
2.5  centimeters. 

This  species  was  described  by  Lesquereux 
from  Golden,  Colo.,  and  Carbon,  Wyo.,  and  it 
appears  to  be  not  at  all  uncommon  in  the 
earlier  Eocene  of  the  Rocky  Mountain  province. 
It  ranges  in  size  to  a  maximum  which  led  Les- 
quereux to  suggest  its  identity  with  dnna- 
momum  mississippiense  of  the  Wilcox  group. 
The  species  is  represented  in  Texas  by  the 
single  fragmentary  specimen  figured,  which  is 
identical  in  every  particular  with  the  original 
specimen  collected  in  the  West.*  Cinnamo- 
mum  leaves  are  notoriously  polymorphous,  and 
the  smaller  leaves  of  this  species  may  be  com- 
pared with  those  of  the  widespread  European 
species  CinnamomumJanceolatum,  C.  scheuchzerij 
and  C.  polymorphum. 

Occurrence. — Midway  (?)  formation,  Earle, 
Bexar  County,  Tex.  (collected  by  Alexander 
Deussen). 

Collection. — U.  S.  National  Museum. 

Genus  LAUBUS  Linii^. 

Laurus  wabdiana  Knowlton. 

Laurus  ocoteoides.  Lesquereux  (not  Massalongo,  1858), 
The  Tertiary  flora,  p.  215,  pi.  36,  fig.  10, 1878. 

Lauru8  Wardiana.  Knowlton,  U.  S.  Geol.  Survey  Bull. 
152,  p.  129,  1898. 

Description. — ^Leaves  of  rather  large  size, 
elongate-lanceolate  in  general  outline,  taper- 
ing gradually  upward  to  the  acuminate  tip. 
Base  narrowly  cuneate.  Length  about  17 
centimeters.  Maximum  width,  in  the  basal 
half  of  the  leaf,  about  3  centimeters.  Margins 
entire,  more  or  less  slightly  undulate.  Texture 
coriaceous.  Petiole  short  and  stout.  Midrib 
stout,  prominent  on  the  lower  surface  of  the 
leaf.  Secondaries  relatively  thin,  numerous, 
evenly  spaced,  subparallel.  They  diverge  from 
the  midrib  at  angles  of  about  55°  and  are  relar 
tively  little  curved  until  the  marginal  region 
is  reached,  where  they  are  camptodrome. 
Tertiaries  obsolete.  Both  secondary  and  ter- 
tiary venation  is  obscured  by  the  fact  that  my 
material  shows  only  the  upper  surface  of  leaves. 
Notwithstanding  the  coriaceous  leaf  sub- 
stance, both  systems  of  venation  may  have 
been  well  marked  on  the  under  side  of  the  leaf, 
as  is  so  common  in  modern  LauracesB. 


*  Lesquereux,  Leo,  The  Tertiary  flora,  pi.  37,  fig.  4. 
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This  species  is  rare.  It  was  described  by 
Lesquereux  from  a  single  specimen  found  in 
the  Denver  formation  at  Grolden,  Colo.  The 
Texas  material  is  scanty  and  broken  but,  for- 
tunately, shows  all  parts  of  the  leaf,  which  are 
in  exact  agreement  with  the  type. 

As  conmionly  used  by  paleobotanists  the 
term  Laxirus  represents  a  form  genus  inherited 
from  the  days  when  its  modem  use  was  not 
restricted.  The  fossil  species  of  Laurus  are  not 
closely  related  to  the  existing  species  of  Laurus 
but  represent  the  modern  genera  Persea,  Oreo- 
daphne,  Mespilodaphne,  Nectandra,  and  others. 
In  my  discussion  of  the  succeeding  Wilcox 
flora,  where  ample  materials  were  available 
for  study,  I  have  endeavored  to  refer  the 
numerous  species  of  Laiu^aceae  to  their  proper 
genera  but  do  not  think  it  wise  to  attempt  any 
closer  generic  determination  of  this  species. 
It  greatly  resembles  a  nmnber  of  existing 
tropical  American  species  of  Oreodaphne  and 
Nectandra. 

OccurreThce. — Midway  (?)  formation,  Earle, 
Bexar  County,  Tex.  (collected  by  L.  W.  Ste- 
phenson). 

Collection, — U.  S.  National  Museum. 

Famfly  ANONACEA. 

Genus  ASIMINA  Adanson. 

AsiMiNA  EOCENiGA  Losqucreux. 

Asimina  eocenica.    Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Kept,  for  1872,  p,  387,  1873. 
Lesquereux,  The  Tertiary  flora,  p.  251,  pi.  43,  figs. 
5-8,  1878. 

Description. — ^Lesquereux  in  1878  described 
the  species  as  follows: 

Leaves  very  entire,  lanceolate,  equally  gradually  taper- 
ing downward  to  a  short,  thick  petiole  and  upward  to  a 
point;  nervation  pinnate,  camptodrome.  I  have  seen  a 
large  number  of  specimens  of  these  leaves,  varying  in 
size  from  8  to  15  centimeters  long  and  from  2^  t6  4  centi- 
meters broad  in  the  middle,  where  they  are  the  widest, 
and  there  oblong,  gradually  narrowing  upward  and  down- 
ward. The  consistence  of  the  leaves  is  somewhat  thick 
but  not  coriaceous;  the  midrib  thick,  the  lateral  veins 
numerous,  parallel,  all  under  the  same  angle  of  divergence 
of  50^,  slightly  curved  in  traversing  the  lamina,  generally 
simple  or  branching  once  toward  the  borders,  which  they 
follow  in  a  series  of  bows,  formed  by  anastomoses  with 
veinlets  or  branches.  The  nervilles  are  distinctly  marked, 
at  least  upon  some  well-preserved  specimens  like  the  one 
of  figure  8;  they  are  generally  joined  in  the  middle  of  the 
areas  by  oblique  veinlets,  forming  large  equilateral  meshes, 
the  ultimate  areolation  being  indiscernible.  These 
leaves  differ  especially  from  our  A,  triloba  by  their  oblong- 
lanceolate  shape,  those  of  the  living  species  being  gen- 


erally enlarged  upward  and  more  distinctly  oblong-obo- 
vate  and  proportionally  broader.  The  nervation  compared 
in  both  the  small  and  the  large  leaves  of  the-  living  species 
fully  agrees  with  that  of  these  fossil  leaves,  the  lateral 
veins  becoming  closer  and  more  distinctly  marked  in  the 
small  leaves,  as  it  is  in  figure  5.  It  is  the  same  with  the 
tertiary  intermediate  nerves,  which  are  scarcely,  if  ever, 
distinctly  marked  upon  the  small  or  middle-sized  leaves 
of  the  papaw,  while  they  appear,  if  not  numerous,  at 
least  perfectly  distinct  in  the  large  ones.  A  fruit  referable 
to  thib  genus  is  described  in  the  Wilcox  flora  of  the  Mis- 
sissippi as  Anmina  Uioearpa  Lesquereux. 

This  species  is  common  in  the  Denver  forma- 
tion at  Golden,  Colo.,  occurring  also  at  Car- 
bon and  Black  Buttes,  Wyo.  It  has  been 
recorded  by  Knowlton  *  from  the  Montana 
group,  but  that  identification  seems  to  me  to 
be  erroneous. 

The  so-called  Montana  specimen  is  smaller, 
with  more  ascending  secondaries.  The  mate- 
rial from  Texas  on  which  the  identification  of 
this  species  rests  comprises  several  incom- 
plete specimens  of  large  leaves,  which  were 
about  15  centimeters  in  length  by  4  centi- 
meters m  maximum  width,  with  stout  promi- 
nent midribs  and  the  general  form  and  vena- 
tion of  this  species.  It  is  not  unlike  specimens 
from  the  Raton  formation  which  have  been 
referred  to  the  European  Tertiary  species 
Juglans  acuminata  Alexander  Braim. 

Occurrence. — ^Midway  (?)  formation,  Earle, 
Bexar  County,  Tex.  (collected  by  Alexander 
Deussen  and  L.  W.  Stephenson). 

Collection. — U.  S.  National  Museum. 

Order  ROSALBS. 
Famny  PAPIUONACEA. 
Genus  DOUCIflTES  Unger. 

DoLicnrTES  deusseni  Berry,  n.  sp. 

Plate  III,  figure  3. 

Description, — ^Leaves  trifoliate.  Lateral  leaf- 
lets apparently  sessile,  cordate,  or  deltoid  in 
general  outline,  inequilateral,  with  a  pointed 
apex  and  a  shallowly  cordate  or  truncate 
broad  base.  Length  about  8  to  10  centime- 
ters. Maximum  width,  at  or  below  the  middle, 
about  10  centimeters.  Margins  entire.  Tex- 
ture thin.  Midrib  stout,  curved,  especially 
distad.  Lateral  primaries  stout,  thinning 
distad,  one  on  each  side  of  the  midrib,  from 
which  they  diverge  at  angles  of  about  40®  at  its 

• 

>  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Bull.  163,  p.  57,  pi.  14,  fig.  3, 
1000. 
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extreme  base,  curving  upward  subparaUel  with 
the  midrib  and  the  lateral  mai^ios  of  the  leaf- 
lets, eventually  inosculating  with  the  thin 
camptodrome  secondaries  from  the  upper  part 
of  the  midrib.  On  their  outer  side  the  lateral 
primaries  each  give  off  three  or  four  fairly  stout 
camptodrome  secondaries,  the  basal  one  of 
which  as  a  rule  diverges  at  the  extreme  base, 
giving  the  leaflets  the  appearance  of  having 
five  primaries.     Tertiaries  mostly  obsolete. 

This  species  is  unfortimately  based  oa  a  few 
incomplete  specimens  which  obviously  repre- 
sent leaflets  of  some  trifoliate-leafed  Midway 
representative  of  the  Papilionacese.  Several 
existing  genera  of  this  family  furnish  material 
with  which  to  compare  the  fossils.  Among 
these  genera  Dolichos  Linn6  offers  many  points 
of  similarity,  which  leads  me  to  refer  this  new 
form  to  the  genus  Dolichites,  established  by 
Unger  in  1850,  for  leaves  and  pods  that  resem- 
ble those  of  the  living  genus  Dolichos,  which 
contains  about  30  species,  mostly  foimd  in  the 
Tropics  of  the  Old  World,  though  several  live  in 
the  American  Tropics.  Several  species  based 
on  both  foliage  and  pods  from  the  European 
Tertiary  have  been  rsferrod  to  Dolichites. 

Dolichites  deusseni  may  also  be  compared 
with  the  leaflets  of  Eryihrina  arhorea  (Chap- 
man) Small,  a  shrub  or  small  tree  of  the  Florida 
Keys.  It  also  resembles  somewhat  the  Wilcox 
leaf  referred  to  Cercis,  but  differs  in  venation 
and  certain  minor  distinctive  characters.  It 
also  suggests  the  Laramie  and  Denver  forms 
referred  by  Lesquereux  to  the  genus  Dom- 
beyopsis  Unger  of  the  family  Sterculiace®. 

Occurrence. — ^Midway  (?)  formation,  Earle, 
Bexar  County,  Tex.  (collected  by  Alexander 
Deussen). 

Collection. — U.  S.  National  Museum. 

Order  MYBTALBS. 
Family  COMBBETACEA. 
Genns  TERMINALIA  Liim& 

Terminalia  hilgardiana    (Lesquereux). 

Plate  III,  figure  1. 

Magnolia  hilgardiana.  Lesquereux,  in  Owen,  D.  D., 
Second  report  of  a  geological  reconnausance  of  the 
middle  and  southern  counties  of  Arkansas,  p.  319, 
pi.  6,  fig.  1,  1860. 
Lesquereux,  Am.  Philos.  Soc.  Trans.,  vol.  13,  p.  421, 
pi.  20,  fig.  1,  1869. 


Lesquereux,  The  Tertiary  flora,  p.  249,  pi.  44,  1878. 
HolUck,  in  Harris,  G.  D.,  and  Veatch,  A.  C,  A  pre- 
liminary report  on  the  geology  of  Louisiana,  p.  282, 
pi.  39,  1899. 
Knowlton,  in  Lindgren,  U.  S.  Geol.  Survey  Prof. 
Paper  73,  pp.  60,  61,  1911. 
Magnolia  lauri/olia.    Lesquereux,  Am.  Philos.  Soc.  Trans. , 
vol.  13,  p.  421,  pi.  20,  figs.  2,  3,  1869;  U.  S.  Nat. 
Mus.  Proc,  vol.  11,  p.  25,  1888. 
Qmrcus  Lyellii,    Lesquereux  (not  Heer),  Am.  Pliilos.  Soc. 
Trans.,  vol.  13,  p.  415  (part),  pi.  17,  fig.  3  (not  figs. 
1  and  2). 

Description. — ^Leaves  medium  to  large, 
oblong-ovate  in  general  outline.  Apex  not 
preserved  in  any  of  the  material.  Base  nar- 
rowly or  broadly  cuneate.  Length  ranges 
from  15  to  25  centimeters.  Maximum  width, 
at  or  above  the  middle,  ranges  from  4  to  10 
centimeters.  Margins  entire,  more  or  less 
irregularly  imdulate.  Leaf  substance  thin  but 
coriaceous.  Only  fragments  of  the  petiole 
preserved;  it  was  evidently  short  and  very 
stout.  Midrib  stout,  more  or  less  curved, 
prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  relatively  thia,  nimierous,  sub- 
parallel,  about  20  rather  regularly  spaced,  op- 
posite to  alternate  pairs.  They  divei^e  from 
the  midrib  at  angles  of  40^  to  70^,  averaging 
about  50®,  curving  slightly  and  regularly. 
Camptodrome  close  to  the  mai^ins. 

The  type  niaterial  of  this  species  was  col- 
lected by  Hilgard  from  the  Wilcox  at  Hmrleys, 
Benton  County,  Miss.,  and  first  figured  by  Les- 
quereux in  the  second  Arkansas  report.  It 
can  not  be  foimd  in  the  remains  of  the  Hil- 
gard collection  at  the  University  of  Mississippi. 
When  Lesquereux  came  to  describe  and  iUus- 
trat'O  this  material  he  differentiated  two  spe- 
cies, although  there  is  obviously  only  one  form 
represented.  The  species  is  abimdant  in  the 
Midway  (?)  of  Texas,  rather  widespread  in  the 
Wilcox,  and  occurs  in  the  lower  Eocene  of 
Fishers  Peak,  N.  Mex.  It  has  also  been  re- 
corded from  the  Fort  Union  formation  of  Mon- 
tana and  the  Eocene  of  Lassen  County,  Cal. 

In  the  small  collection  from  Earle  that  has 
been  available  for  study  there  are  ten  frag- 
mentary but  characteristic  specimens  of  this 
species. 

Occurrence. — ^Midway  (?)  formation,  Earle, 
Bexar  Coimty,  Tex.  (collected  by  Alexander 
Deussen  and  L.  W.  Stephenson). 

Collection. — U.  S.  National  Museiun. 
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PLATE  III. 

FiouBB  1.  Terminalia  hilgardiana  (Lesquereux)  Beny 

Figure  2.  Cinnamomum,  affine  Lesquereux , 

Figure  3.  Dolichites  deusseni  Berry 

All  the  specimens  are  from  the  Midway  (7)  formation  at  Earle,  Tex. 
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WlliCOX  GROUP.  refers  simply  to  films  of  comminuted  lignite 

STUDY  OF  THE  STRATIOBAOTY.  ^^^^g  sand  lamin«  in  the  clays,  or  leaf  frag- 

ments   so   unely   divided    as    to   be   entirely 

The  complete  history  of  the  study  of  the  worthless,  or  even  nothing  more  than  carbon- 
deposits  which  are  now  comprised  in  the  Wil-  aceous  clays. 

cox  group   is  not  within   the  scope  of   this        The  earliest  significant  contribution  to  the 

report.    Only    definite    contributions    to    the  paleobotany  of  the  deposits  of  Wilcox  age  is 

p^eobotanic  history  of  the  Wilcox  time  inter-  a  paper  published  by  Lesquereux*  in  1859, 

val  are  here  discussed.  based  on  materials  collected  by  J.  M.  Safford, 

Nearly  every  geologist  who  has  published  then  State  geologist  of  Tennessee,  just  south 

anything  regarding  the  Wilcox  area  mentions  of  Somerville  in  Fayette  County,  Term.    These 

lignite  and  impressions  of  leaves,  but  it  would  consisted  of  leaf  impressions  preserved  in  clay 

not  be  worth  while  enumerating  these  refer-  ironstone  from  a  low  exposure  in  a  railroad 

ences    in    the   literature.     The   paleobotanist  cut  about  a  mile  south  of  the  town.     This 

engaged  in  relocating  all  the  old  localities  in  contribution  recorded  the  species  given  in  the 

order  to  collect  material  for  study  should  keep  list  below.     This  list  and  similar  lists   that 

clearly    in   mind    the   fact    that    the   phrase  follow  show  the  original  names  and  also  the 

''abundant  leaf   impressions''    may   mean   a  disposition  that  has  been  made  of  these  early 

really  important  outcrop,  but  more  often  it  described  forms  in  the  present  work. 

Lesquereax.  Present  work. 

Launis  caroliniensis  lirlichaux Nectandra  lancifolia. 

PninuB  carolinlana  (Michaux) Inga  mifisissippienflis. 

Quercus  myrtifolia  (Willdenow) Sophora  lesquereuxi. 

FaguB  femiginea  (Michaux) (?). 

•  Quercus  I  crasainervis?  (Unger) Dryophyllum  tenneBseensia. 

Quercus  saffordi  (Lesquereux) Banksia  saffordi. 

Andromeda  dubia  (Lesquereux) Diospyros  brachysepala. 

Andromeda  vaccinifolise  affinis  Lesquereux Gaasia  glenni. 

Elseagnus  insequalis  Lesquereux Ghrysobalanus  insequalis. 

This  outcrop  was  stated  to  be  of  Pliocene  a  few  upper  Wilcox  plants  occur  at  about  this 

age  by  Lesquereux,  and,  as  will  be  noted  from  same  horizon  southwest  of  Trenton  in  Gibson 

the  forgoing  list,  several  of  the  forms  were  CJounty,  Tenn. 

identified   with   still   existing   species.     Later  Very  few  facts  worth  recording  at  the  time 

he    regarded    these   deposits    as    ''most   inti-  were  overlooked  in  Hilgard's  work  in  Missisr 

mately  related  to   the  Miocene  of  Europe.''  sippi,  which  partly  culminated  in  his  "Report 

Safford  ^  considered  the  Orange  sand,   as  he  on  the  geology  and  agriculture  of  Mississippi," 

then  termed  the  deposits  that  included  the  published    in    1861.     In    this    classic,    which 

Somerville  outcrop,  to  be  of  Eocene  age,  and  marks  an  epoch  in  the  study  of  the  Southern 

Lesquereux  apparently  accepted  this  opinion  Coastal  Plain,  there  are  frequent  references  to 

to  the  extent  of  including  them  in  his  paper  plant  fossils,  several  of  which  are  worth  men- 

on  the  Mississippi  plants  collected  by  Hilgard,  tioning.     In  his  general  section  of  the  Tertiary 

in  which  they  were  all  referred  to  the  '*Lig-  of  Mississippi'  he  gives  several  lists  of  species 

nitic"  [Wilcox],  although  he  still  maintained  based  on  the  preliminary  studies  of  Lesquereux. 

their  Miocene  age.     This  outcrop  is  near  the 

top  of  the  Wilcox ;    similar  ironstones  carrying         *  Lesquereux,  Loo,  Am.  Jour.  Scl.,  2d  ser.,  vol.  27,  pp.  363, 364, 1859. 

^ . I — —         « Hilgard,  E.  W.,  Report  on  the  geology  and  agriculture  of  Mississippi 

&  Safford ,  J .  M . ,  G  eology  of  Tennessee,  1868.  p.  lOS,  1861 . 
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From   the  red  shale  of  Tippah  County   the  In  Hilgard's  local  section  of  this  outcrop  *  the 

following  are  recorded:  foregoing  list  is  repeated  with  the  addition  of 

Quercus.  Salisburia,    the    latter    really    a    Lygodium, 

Carya  n.  sp.  L,  hiTiervdtum  (Lesquereux)  Berry. 

Populus  rhomboidea.  The  next  member  in   the  general  section 

Mo^r"^^^  consists  of  the  gray  clays  of  Lafayette  and 

Launisn.  sp.  Calhoun    counties    carrjdng    "Sabal,    Cinna- 

Pereean.  sp.  momimi,  Quercus,  Ficus,  and  Smilax?."    The 

Comufl  aericea?.  third  member  comprises  the  gray  clays  and 

Oleaamericana!.  gands  of  Winston  Coimty   with   Cycas*   and 

TS^ir2  n  *  ^°^*^  *•    '^^^  outcrop  along  Raglands  Branch 

M^o^a  rotu^d!Folia  Leequereuxl.  ^  described  m  detail  by  Hilgard.' 

Magnolia  acuminata  Michauxl.  In  1860  Lesquereux  *  described  and  figured 

Rhus.  the  following  three  Wilcox  species,  the  first 

This  refers  to  the  locality  cited  in  the  present  ^^^  ^^^  Hilgard's  Mississippi  collections  and 

work  as  Hurleys,  which  by  the  estabhshment  ^^^  *^^  ^^"^  material  collected  by  SaflFord 

of  new  counties  is  now  in   Benton  County.  ^^  ^^  Grange,  Tenn. : 

Lesquereux.  Preeent  work. 

Magnolia  hilgardlsna Terminalia  hilgardiana. 

EhamnuB  maiginatus Rhamnus  marginatUB. 

Quercus  saffordi Banksia  saffordi. 

A  paper  of  considerable  merit  and  the  only  E.  W.  Hilgard,  whose  paleobotanic  comments 

real  systematic  contribution  to  the  early  study  on  them  are  given  in  his '  *  Report  on  the  geology 

of  the  Wilcox  flora  is  Lesquereux's  paper  ^  read  and  agriculture  of  Mississippi. "     The  following 

before  the  American  Philosophical  Society  and  species  were  described   and  figured  by  Les- 

published  in  1869.     It  is  based  for  the  most  part  quereux  in  this  report: 
on  collections  made  about  ten  years  earlier  by 

Lesquereux.  Present  work. 

Calamopsifl  danai  (type) Chamsedorea  danai. 

Sabal  grayana  (type) Sabalites  grayanus. 

Salisburia  binervata  (type) Lygodium  binervatum. 

Populus  monodon  (type) Ficus  monodon. 

Populus  mutabilis  var.  repando-crenata  Heer (7). 

Salix  worthenli  (type) Myrcia  worthenii. 

Salix  tabellans  (type) Apocynophyllum  tabellanim. 

Quercus  moorii  (type) Dryophyllum  moorii. 

Quercus  lyellii  Heer Nectandra  lancifolia  and  Termi- 
nalia hilgardiana. 

Quercus  retracta  (type) Myrcia  bentonensis. 

Quercus  chlorophylla  Unger Mimusops  eolignitica  and  Pisonia  chloro- 

phylloides. 

Celtis  brevifolia  (type) Ficus  schimperi? 

Ficus  schimperi  (type) Ficus  schimperi. 

Ficus  cinnamomoides  (type) Ficus  cinnamomoides. 

Laurus  pedatus Osmanthus  pedatus. 

Cinnamomum  mississippiensis  Lesquereux Cinnamomum  misaissippiensis. 

Banksia  helvetica  Heer Bumelia  pseudotenax. 

Persea  lancifolia  (type) Nectandra  lancifolia. 

Ceanothus  meigaii  (type) Zizyphus  meigsii. 

Sapindus  undulatus  Alexander  Braun Eugenia  hilgardiana. 

Rhamnus  marginatus  Lesquereux Rhamnus  marginatus. 

Juglans  appreesa  (type) Not  recognized. 

1  Hilgard,  E.  W.,  op.  dt.,  p.  113. 

*  Chanutdorea  danai  of  present  report. 

«  Op.  cit.,  pp.  115,  116.    The  species  enumerated  are  repeated,  as  are  also  those  from  the  third  member,  on  p.  117. 

*  Owen,  D.  D.,  Seoond  report  of  a  geological  reoonnaissance  of  the  middle  and  southern  counties  of  Arkansas,  pp.  317-319,  pi.  6, 1860. 
fi  Lesquereux,  Leo,  Am.  Philos.  Soc.  Trans.,  new  ser.,  vol.  13,  pp.  411-430,  pi.  14-22,  1869. 
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Lesquereux.  Present  work. 

Juglans  saffordiana  (type) Juglans  saffordiana. 

Magnolia  hilgardiana  Lesquereux ]_,       .     ,.    ...       ,. 

Magnolia  laurifolia  (typo) (Termmalia  hilgardiana. 

Magnolia  lesleyana  (type) Tenninalia  lesleyana. 

Magnolia  ovalifl  (type) |^     ,     ^  ,. 

vr        T         J-*  1-    /*>      \  >CJombretum  ovalis. 

Magnolia  cordifolia  (type) J 

Asimina  leiocarpa  (type) Asimina  leiocarpa. 

Phyllites  truncatus  (type) Mimusops  eolignitica. 

These  species  he  regarded  as  most  inthnately  '  'Geology  of  Tennessee. "     Lesquereux's  article 

related  to  the  Miocene  flora  of  Europe,  although  of  1859  on  the  plants  from  Somerville,  which 

Hilgard  had  clearly  recognized  their  position  had  not  been  illustrated,  was  reproduced  and 

in  the  Eocene  section  of  Mississippi.  illustrated/  and  three  species  were  described 

The  same  year  that  Lesquereux's  report  was  but  not  figured  from  La  Grange,  Tenn.     The 

published   saw   the   pubUcation   of   Safford's  following  forms  were  Usted: 

Lesquereux.  Present  work. 

Laurus  carolinensis  Michaux Nectandra  lancifolia. 

Prunus  caroliniana  (Michaux) Inga  miasijasippiensis. 

Quercus  myrtifolia  (Michaux) Sophora  leequereuxl. 

FaguB  ferruginea  (Michaux) (?). 

Salix  densinerviB  (Lesquereux) Eugenia  densinervia. 

Quercus  crassinervis  (linger) Dryophyllum  tennesseenais. 

Quercus  saffordi  (Lesquereux) Biuiksia  safitordi. 

Andromeda  dubia  (Lesquereux) * Diospyros  brachysepala. 

Andromeda  vaccinilolise  affinis  (Lesquereux) Cassia  glenni. 

Elaeagnus  insequalis  (Lesquereux) Ghrysobalanus  insequalis. 

Sapotacites  americanus  (Lesquereux) Bumelia  americana. 

Salix  wortheni  Lesquereux Myrcia  wortheni. 

Ceanothus  meigsii  Lesquereux Zizyphus  meigsii. 

Juglans  saffordiana  Lesquereux Juglans  saffordiana. 

R.  H.  Loughridge,  in  his  report  on  the  Jackson  purchase  region,'  reproduced  Ltesquereux's 
list  from  Safford's  **  Geology  of  Tennessee,"  with  copies  of  the  figiires,  poorly  done  and 
somewhat  reduced.     This  list  is  as  follows: 

Lesquereux.  Present  work. 

Quercus  crassinervis Dryophyllum  tenneeseenais. 

Quercus  saffordii Banksia  saffordi. 

Quercus  myrtifolia Sophora  lesquereuxi. 

Andromeda  vaccinifolise  affinis Cassia  glenni. 

Andromeda  dubia Diospyros  brachysepala. 

Prunus  caroliniana Inga  mississippiensis. 

ElseagnuB  insequalis Chrysobalanus  insequalis. 

Sapotacites  americanus Bumelia  americana. 

Salix?  densinervis Eugenia  densinervia. 

Quercus  lyellii Nectandra  lancifolia. 

Fagus  ferruginea  (fruit) (7). 

Loughridge  also  listed  *  the  following  forms  from  Wickliffe  in  Ballard  Coimty  and  Boaz  in 
Graves  CJounty,  Ky.  These  were  based  on  his  collections  and  the  determinations  were  made 
by  Lesquereux. 

Lesquereux.  Present  work. 

Wickliffe,  Ballard  County,  Ky . : 

Myrica  elsenoides Myrica  elseanoides.'* 

M3rrica  copeana - Cupanites  loughridgii. 

FicuB  multinervis Ficus  myrtifolius. 

Sapindus  falcifolius Ficus  wilcoxensis. 

I  Saflord,  J.  M.,  Geology  of  Tennessee,  pp.  425-428,  pi.  K,  1869. 

*  Loughridge,  R.  H.,  Report  on  the  geological  and  economic  features  of  the  Jackson's  purchase  region,  pp.  196-198,  Kentucky  Oeol.  Surrey,  1888. 
»Op.cit.,p.  198. 

*  This  specimen  comes  from  Boaz  and  not  from  WicUifle,  as  Loughridge  states. 
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Lesquereuz.  Present  work. 

Wickliffe,  Ballard  County,  Ky. — Continued. 

SapinduB  dubiuB Mixed  fonns  bearing  this  label  and  number  represent  Engelhardtia 

ettingBhauseni,   Exoetema    peeudocaribaeum,   Banisteria  wil- 
coxiana,  Ficus  wilcoxensis,  and  Carapaeolignitica. 

Sapindus  angUBtifoliuB Sapindus  mississippienBiB. 

LauruB  califomica? Mespilodaphne  pseudoglauca. 

QuercuB  saffordii Banksia  saffordi. 

Juglans  rugosa Juglans  Bchimperi. 

Salix  angoBta SapinduB  linearifolius. 

Salix  media Not  recognized. 

AilanthuB  leaf  fragment Not  afterward  referred  to  and  specLmen  lost. 

Boaz,  Graves  Coimty,  Ky. : 

Sapindus  falcifolluB Ficus  wilcoxensis. 

Quercus  nervifolia Bankaia  saffordi. 

Quercus  cuspidata Dryophyllum  tennesseensiB. 

Quercus  califomica Mespilodaphne  pseudoglauca. 

FicuB  multinervis Ficus  myrtifolius. 

In  1888  a  large  number  of  determinations  made  by  Lesquereux  were  arranged  by  F.  H. 
Knowlton  for  publication  in  the  Proceedings  of  the  United  States  National  Musemn.^  The 
Loughridge  collections  are  briefly  described,  but  only  the  new  forms  are  figured. 

The  Wickliflfe  list  was  given  as  follows : 

Lesqucreox.  Present  work. 

Myrica  elaeanoides  n.  sp Myrica  elseanoides.' 

Sapindus  angustifolia  Lesquereux Sapindus  missiBBippiensis. 

Sapindus  dubius  linger Specimens  bearing  thiB  label  and  number  represent  Engel- 
hardtia ettingHhauseni,  Exostema  pseudocaribaeum,  Banis- 
teria  wilcoxiana»  Ficus  wilcoxensis,  and  Ganpaeolignitica. 

Myrica  copeana  Lesquereux Cupanltes  loughridgii. 

Juglans  rugoBa  Lesquereux  (No.  2490) Juglans  schimperi. 

Salix  angUBta  Alexander  Braun Sapindus  linearifolius. 

Salix  media  Heer  (No.  2593) Not  recognized. 

Quercus  saffordii  Lesquereux Banksia  saffordi. 

Porana  sp Not  a  fossil  but  a  ferruginous  stain. 

The  Boaz  list  now  included  the  following  species: 

Lesquereax.  Present  work. 

Ficus  multinervis Ficus  myrtifolius. 

Laurus  califomica Mespilodaphne  pseudoglauca. 

Sapindus  falcifolius  Alexander  Braim Ficus  wilcoxensis. 

Quercus  cf.  Q.  cuspidata  (Rossmftssler)  Dryophyllum  tenneBseenais. 

Unger  (No.  2673). 
Quercus  neriifolia  Alexander  Braun Banksia  saffordi. 

In  the  late  eighties  and  early  nineties  Mr.  The  rest  remained  untouched  in  the  National 

L.  C.  Johnson  made  several  collecting  trips  Miiseum  until  I  took  up  the  elaboration  of  these 

through  Tennessee,  Mississippi,  and  Louisiana  floras. 

and  sent  in  some  fossil  plant  material  from  Lesquereux's  notes  on  the  plants  from 
the  following  localities:  Hatchie  River,  near  McLees  and  CampbelFs  quarry  were  also  ar- 
Shandy,  in  Hardeman  Coimty,  Tenn. ;  Baughs  ranged  for  pubUcation  by  F.  H.  Knowlton  and 
Bridge,  Wolf  River,  Fayette  County,  Tenn.;  appeared  in  volume  11  of  the  Proceedings  of 
Vaughans,  near  Lamar,  Benton  County,  Miss. ;  the  United  States  National  Museum. 
Waterford  and  Early  Grove,  Marshall  County,  The  plants  from  McLees,  which  is  2  miles 
Miss.;  McLees,  near  Mansfield,  De  Soto  Par-  north  of  Mansfield,  La.,  are  few  in  nimiber  and 
ish.  La. ;  and  Campbell's  quarry  on  Cross  poorly  preserved  in  a  Uthified  fenxiginous  sand- 
Bayou,  Caddo  Parish,  La.  stone.     Lesquereux '  identified   the  following 

Only  the  material  from  the  last  two  localities  forms: 

seems  to  have  been  studied  by  Lesquereux.      — ; 

1 ^ •  This  specimen  is  from  Boaz. 

&  U.  S.  Nat.  Mus.  Proc.,  vol.  11,  pp.  11-13, 1888.  « U.  S.  Nat.  Mus.  Proc.,  vol.  11,  p.  25, 1888. 
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Lflsquereux.  Freaent  work. 

MagnoUa  laurifolia f Amlia  notata  (No.  804). 

ITerminalia    hilgardiana    (No. 

805). 

Ficus  spectabilis Ficus  denveriana. 

Aralia  fragment Aralia  notata. 

Platantis  guillelmse 1 Not    numbered   in   report  nor 

contained  in  the  National 
MuBeum  collection. 

From  Campbell^s  quarry,  Cross  Lake,  Caddo  Parish,  La.,  he  gives  the  following  list:^ 

Lesquereux.  Present  work. 

Sapindus  angustifolius  Leequereux Sapindufi  formosus. 

Sapindus  caudatus  Leequereux  No.  2601 (?). 

Sapindus  coriaceufi  Leequereux  No.  2602. (?). 

Magnolia  laurifolia  Lesquereux Terminalia  hilgardiana. 

LauruB  socialis  Lesquereux Mespilodaphne  pseudoglauca. 

Laurus  utahensis  Lesquereux Ficus  denveriana. 

Rhamnus  clebuini  Leequereux Rhamnus  clebuini. 

Rhamnus  eridani  Unger Nectandra  lancifolia. 

Garya  antiqua  Newberry Hicoria  antiquorum. 

QuercuB  angustiloba  Alexander  Braun Not  determinable. 

Quercus  moorii?  Lesquereux (?). 

Ficus  goldiana  Lesquereux Ficus  denveriana. 

Ficus  goldiana  var Ficus  harrisiana. 

Ficus  spectabilis  Lesquereux Ficus  denveriana. 

Fhragmites  oeningensis  Alexander  Braim Not  determinable. 

In  Knowlton's  account '  of  the  fossil  woods  pit  at  Benton,  Saline  Coimty,  Ark.,  and  were 

collected  by  the  Arkansas  Geological  Survey  coUectedbyR.  E.  Call  in  1891.    Call  also  made 

two  of  the  new  species,  Oupressinoxylon  caUi  collections  from  Hicks's  pit  at  this  place,  but 

and   Laurinoxylon  branneri,  appear    to  have  they  were  not  studied  at  the  time  (U.  S.  Geol. 

came  from  the  Wilcox  of  Crowleys  Ridge  in  the  Survey  locaUties   582,   583).     He  also   made 

northeastern  part  of  the  State,  although  its  collections  in  1891  from  Atchison's  clay  pit 

exact  stratigraphic  position  was  not   deter-  at  Perla,  near  Malvern,  Hot  Springs  County, 

mined  at  that  time.  which  were  also  not  studied  at  that  time  (U.  S. 

In    1894   Harris*    mentions    the  following  Geol.  Siu^ey  locality  584). 

plants  from  Benton,  Saline  Coimty,  Ark.,  from  In  1895  T.  W.  Vaughan  *  published  an  article 

determinations  by  F.  H.  Knowlton:  on  the  geology  of  eastern  Texas,  for  which 

Magnolia  laurifoUa  Lesquereux.  Knowlton  furnished  a  list  of  plants  determined 

Quercus  i«tracta  Lesquereux.  from  collections  made  by  Vaughan  from  ferru- 

Quercus  moorei  Lesquereux.  ginous  materials  at  Old  Port  Caddo  Landing 

I  have  not  been  able  to  find  these  specunens  on  Little  Cypress  Bayou  in  Harrison  County, 

and  80  have  omitted  them  from  future  con-  Tex.: 

sideration.    They  came  from  Henderson's  day  The  following  species  were  listed: 

Knowlton.  Present  work. 

Salix  tabellaris  Leequereux  (a  single  doubtful  leaf) Apocynophyllum  tabellarum. 

Magnolia  laurifolia  Lesquereux  (a  fragment) Terminalia  hilgardiana. 

Magnolia  ovalis  Lesquereux Gombretum  ovalis. 

Juglans  appressa  Lesquereux (?). 

Ficus  schimperi  Lesquereux Ficus  schimperi. 

Ficus  sp.  nov.  Nob.  1  and  2 Ficus    vaughani     and     plani- 

costata  mftTiiTift 

Cinnamomum  affine  Lesquereux  (common) ^^.  ^ 

^.  ......  yCinnamomimi  affine. 

Cinnamomum  missiasippiensis  Lesquereux J 

Laurus  or  Litsea  sp.  nov Oreodaphne  obtusifolia. 

Juglans  (?)  sp.  nov Pereea  longipetiolatum. 

1  Lesquereux,  Leo,  op.  cit.,  pp.  24, 25, 1888. 

>  Knowlton,  F.  H.,  Arkansas  Geol.  Survey  Ann.  Rept.  for  1889,  pp.  249-260,  pis.  9-11, 1891. 

*  Arkansas  Oeol.  Surrey  Ann.  Rept.  for  1892,  yol.  2,  p.  66, 1894. 

*  Vaughan,  T.  W.,  Am.  Geologist,  vol.  16,  pp.  304-309, 1895. 
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Vaughan  correctly  referred  these  deposits  to  Red  River  Parish,  La.,  and  smaller  collections 

the    '  ^  Ldgnitic  "     ( = Wilcox) ,    and    Knowlton  from  several  localities  in  the  immediate  vicinity 

stated  that  they  were  probably  of  the  same  age  of  Shreveport  in  Caddo   Parish,   La.    These 

as  the  Denver  formation  of  Colorado.     Harris  were  sent  to  Arthur  HoUick,'  who  contributed 

and  Veatch  in  their  subsequent  publications  an  illustrated  paper  to  the  preliminary  report 

also  referred  them  to  the  ''Lignitic  or  Sabine"  on  the  geology  of  Louisiana  by  Harris  and 

( = Wilcox) .  Veatch. 

The  field  work  of  G.  D.  Harris  and  A.  C,        The  largest  and  most  interesting  collection 

Veatch  in  Louisiana  resulted  in  a  lai^e  coUec-  was  from  Coushatta  and  included  the  f ollow- 

tion  of  fossil  plants  from  the  ferruginous  con-  ing  forms: 
cretions  exposed  on  Red  River  near  Coushatta, 

HoUick.  Present  work. 

Andromeda  dellcatula  Lesquereux Mespilodaphne  couahatta. 

Andromeda  eollgnltica  HoUlck Mespilodaphne  eolignitica. 

Apocynophyllum  sapindifoliimi  Hollick Apocynophyllimi  aapindifolium. 

Artocarpus  dubia  Hollick Artocarpus  dubia. 

Artocarpus  lessigiana  (Lesquereux)  Knowlton Artocarpus  lespngiana. 

Oelastnis  veatchi  Hollick Celastrus  veatchi. 

Celastrus  taurinensis  Ward? Celastrus  taurinenais. 

Cinnamomum  buchii  Heer Cinnamomum  buchi. 

Comus  studeri  Heer? Comus  studeri?. 

Oryptocarya  eolignitica  Hollick Cryptocarya  eolignitica. 

Ficus  artocarpoides  Lesquereux? Ficus  artocarpoides?. 

Fraxinus  johnstrupi  Heer? Fraxinus  johnstnipi?. 

Ilex?  affinis  Lesquereux? Ilex?  affinls. 

Juglans  rugosa  Lesquereux Sapindus  coushatta  and  Juglans  berr}'!. 

Juglans  schimperi  Lesquereux Juglans  schimperi. 

Laurus  primigenia  Unger Oreodaphne  mississippiensis  and  Nectandra  pseu- 

docoriacea. 

Magnolia  hilgardiana  Lesquereux Terminalia  hilgardiana. 

Magnolia  lanceolata  Lesquereux Magnolia  angustifolia. 

Persea  speciosa  Heer Persea  longipetiolatum. 

Quercus  microdentata  Hollick Dillenites  microdentatus. 

Ehamnus  clebumi  Lesquereux Rhamnus  coushatta. 

Sapotacites  americanus  Lesquereux Not  determinable. 

Tetranthera  prsecursoria  Lesquereux Oreodaphne  coushatta. 

Toxylon  longipetiolatum  Hollick Persea  longipetiolatum. 

Ulmus  tenuinerviB  Lesquereux Dillenites  ovatus. 

From  clay  concretions  at  Vineyard  Bluff  on  Cross  Bayou,  Caddo  Parish,  La.,  the  following 
forms  were  recorded: 

Hollick.  Present  work. 

Pteris  pseudopinnaeformls  Lesquereux Pteris  pseudopinnseformis. 

Artocarpus  lessigian^i  (Lesquereux)  Knowlton. .  .Artocarpus  lessigiana. 

Ficus  harrisiana  Hollick Ficus  harrisiana. 

Cinnamomum  sezannense  Watelet Oreodaphne  obtusifolia. 

Daphnogene  kanni  Heer? Cinnamomum  postnewberryi. 

Hilgard,*  in  1887,  mentioned  well-preserved  cutting  of  the  Red  River,  which  in  the  last  16 

leaves  and  fruits  which  he  had  collected  on  the  years  has  practically  removed  the  plant-bearing 

upper  Red  River  in  1869  and  deposited  at  the  beds  at  Coushatta. 

University  of  Mississippi  at  Oxford.     These  col-  From  clay  beds  at  Slaughter  Pen  Bluff,  one- 
lections  were  never  studied  and  have  since  been  half  mile  below  Vineyard  Bluff,  the  following 
lost.     They  may  have  come  from  Coushatta  or  were  recorded: 
from  some  similar  outcrop  between  Coushatta     

and  Shreveport  subsequently  destroyed  by  the        *  HoUlck,  Arthur,  in  Harris,  O.  D.,  and  Veatoh,  a. C,  a  preliminary 
^_ 2 report  on  the  geology  of  Louisiana,  pp.  276-288,  pis.  32-48, 1899. 

I  Science,  vol.  9,  pp.  535-536, 1887. 


WILCOX  GBOUP. 


27 


HoIUek.  Proent  wofk. 

Poacltes  ep.  HoUick Poacitee  Bp. 

Cyperites  sp.  Hollick Cyperites  sp. 

Ficufi  planicostata  Leequereux Ficus  planicostata  maxima. 

Clnnamomum  Bcheuchzeri  Heer  ? Oinnamomum  poetnewbenyi. 

Ilex  ep.  Hollick Ilex  sp. 

From  a  gray  sandstone,  similar  to  that  at  Campbell's  quarry  on  Cross  Bayou,  exposed  in  a 
cut  on  the  Kansas  City  Southern  Railway  (Kansas  City,  Pittsburg  &  Gulf  Railroad),  1  mile  west 
of  Shreveport,  the  following  species  was  identified: 

Hollick.  Present  work. 

Saplndus  angustlfoliufl  Leequereux Sapindus  mississippieiisis. 

At  this  time  Harris  and  Veatch  were  still  in  F.  H.  Knowlton,'  who  furnished  the  following 
doubt  regarding  the  exact  age  of  these  outcrops    lists  of  determinations: 

and  were  mclined  to  consider  them  ^' Lower  The  present  collection  embiaces  foerilB  from  four  locaU- 

Oaibome."     Hollick  made  no  determination  of  tiee,  as  follows: 

their  age  beyond  the  opinion  that  they  were  l.  Columbus,  Ky.   This  material,  a  white  sandy  clay, 

early  Tertiary  contains  two  species  of  Quercus  and  apparently  a  single 

In  1906  L.  C.  Glenn  published  a  paper  on  the    ?P?^«  °*  ^'  ?f  °«  "*  «*^*°''  "  ^  "L^^^t  °^*  ""*' 

J  J  ^m  JTT  being  identical  with  the  forms  mentioned  by  Lesquereux 
underground  waters  of  Tennessee  and  Ken-  ^^  this  locaUty.  Probably  a  more  extended  search 
tucky  west  of  Tennessee  River  *  which  con-  among  living  species  would  show  affinities  with  these,  but 
tained  valuable  contributions  to  the  geology  of  this  I  have  not  been  able  to  give  at  this  time.' 
that  region.  During  the  progress  of  the  field  2.  Hickman,  Ky.  This  is  also  a  sandy  clay,  and  em- 
work  for  this  report  several  plant  locaUties  were  ^"^^^  ^^  ^^7^*,  f^]^  ^^  ^^^^\^  Salix?and  Meni. 

J.  jxixi-  ••ijj  1  spermum  canadense  Linne  and  the  balance  a  compound 

discovered  that  have  smce  yielded    a    large  leaf  of  what  appears  to  be  recoma  rorfican*  Linn6  or  some- 

amoimt  of  important  material.    Small  coUec-  thing  near  it.' 

tions  of  fossil  plants  were  made  from  four  locali-  3.  Wickliffe,  Ky.    The  laigest  and  best  lot,  affording 

ties,  only  two  of  which  prove  to  be  of  Wilcox  the  following  forms; 

age.    These  received  a  prelimmary  study  by 

Knowltoo.  Present  work. 

Salix  angusta  Alexander  Braun Sapindus  linearifolius. 

Salix  sp Sapindus  linearifolius. 

Quercus  saffordi  Lesquereux Banksia  saffordi. 

Quercus  neriifolia  Alexander  Braun Banksia  saffordi. 

Quercus  moorii  Lesquereux Dryophyllum  moorii. 

Quercus  n.  sp Dryophyllum  tennesseensis. 

Myrica  copeana  Lesquereux Chipanites  loughridgii. 

Eucalyptus  n.  sp Sapindus  eoligniticus. 

Sapindus  angustifolius  Lesquereux Sapindus  formosus. 

Sapindus  dubius?  Unger Sapindus  formosus. 

4.  Near  Grand  Junction,  Tenn.    The  same  kind  of  material  as  the  last,  containing  the  following: 

KDOwlton.  Present  work. 

Monocotyledonous  plant  (fragments) Sabalites  sp. 

Salix  Angusta  Alexander  Braun Myrcia  bentonensifl. 

Quercus  (2  species) Banksia  saffordi. 

Juglans  saffordiana?  Lesquereux Cassia  glenni. 

Sapindus  angustifolia?  Lesquereux Myrcia  bentonensis. 

Sapindus  sp (?). 

Cinnamomum?  sp Melastomites  americanus 

Ceanothus  meigsii  Lesquereux Zizyphus  meigsu. 

Acacia  sp.  (nov.?) Mimosites  variabilis. 


1  Glenn,  L.  C,  U.  S.  Oeol.  Survey  Water-Supply  Paper  164, 1906. 
•Knowlton,  F.  H.,  in  Glenn,  L.  C,  op.  cit.,  pp.  38, 39. 

*  Tbese  outcrops  have  reoontly  been  shown  to  be  of  early  Pleistocene  age.    See  Berry,  E.  W.,  U.  S.  Nat.  Mus.Proc.,  vol.48,  pp.  293-303,pls.  1% 
13, 1915. 
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In  addition  to  the  localities  and  collections 
already  mentioned,  small  lots,  consisting  of 
only  one  or  two  specimens,  have  been  received 
from  other  sources  but  have  heretofore  re- 
mained unstudied.  They  comprise  the  follow- 
ing materials: 

Three  or  four  specimens  were  sent  to  the 
United  States  National  Museum  by  T.  O.  Ma- 
bry,  who  collected  them  about  twenty  years 
ago  from  the  plantr-bearing  exposures  in  the 
railroad  cut  just  north  of  Oxford  depot,  Lafay- 
ette County,  Miss. 

Two  or  three  specimens  were  sent  to  the 
United  States  National  Museum  in  1896  by 
C.  T.  Simpson  from  Frierson  Mill,  De  Soto 
Parish,  La. 

A  few  specimens  in  clay  ironstone  were  re- 
ceived at  the  United  States  National  Museum 
in  1889  from  J.  W.  Kelsey,  who  collected  them 
at  Kelseys  Bluflf  east  of  Early  Grove,  Miss. 

A  small  collection  made  by  A.  C.  Veatch 
between  3  and  4  miles  below  Hamilton  on 
Sabine  River,  Sabine  County,  Tex.,  was  depos- 
ited at  the  New  York  Botanical  Garden. 

A  small  collection  was  sent  to  the  United 
States  National  Museum  in  1889  by  J.  C.  Bran- 
ner,  at  that  time  State  geologist  of  Arkansas. 
This  included  a  determinable  specimen  from  a 
well  near  Texarkana  (U.  S.  Nat.  Mus.  No. 
8608,  collected  by  Prof.  Moseley);  a  specimen 
from  sec.  28,  T.  2  S.,  R.  14  W.  (U.  S.  Nat.  Mus. 
No.  8610,  collected  by  R.  I.  Ailly);  several 
specimens  from  Hardys  Mill  near  Gainesville, 
Greene  County  (U.  S.  Nat.  Mus.  Nos.  8605, 
8606,  8609,  collected  by  J.  C.  Branner) ;  and  a 
specimen  from  Scarboroughs  in  the  vicinity  of 
the  Hardys  MiU  locaUty  (U.  S.  Nat.  Mus.  No. 
8607).  These  were  examined  by  Lester  F. 
Ward,  who  mentions  ''MagnoUa  and  an  erica- 
ceous  leaf'*  in  a  letter  quoted  in  part  by  Call  * 
in  his  geology  of  Crowleys  Ridge. 

During  1911  and  1914  Berry  published  sev- 
eral prehminary  papers  based  on  the  field  work 
which  has  resulted  in  the  present  report.  The 
first'  showed  that  the  type  exposures  of  the 
Lafayette  formation  in  Lafayette  County, 
Miss.,  were  of  Wilcox  age.  The  second '  was 
devoted  to  a  description  of  a  new  species  of 
Engelhardtia  fruit  from  Early  Grove,  Miss., 

» Call,  R.  E.,  Arkansas  Oeol.  Survey  Ann.  Rept.  for  1889,  vol.  2,  pp. 
96,97.1891. 

«  Berry,  E,  W.,  Jour.  Geology,  vol.  19,  pp.  249-256,  flgs.  1-4, 1911. 

*  Berry,  E.  W.,  Am.  Jour.  Sd.,  4th  ser.,  vol.  31,  pp.  491-496,  flgs.  1,  2, 
1911. 


the  first  authentic  record  of  this  genus  from  the 
Tertiary  strata  of  North  America.  The  third  * 
included  a  brief  general  account  of  the  Wilcox 
flora,  enimierating  nimierous  genera  that  were 
represented  and  giving  a  clear  indication  of  its 
wonderful  diversity  and  richness.  The  fourth  ' 
described  the  occurrence  of  fruits  of  the  Nipa 
palm  in  the  Grenada  formation,  the  upper  for- 
mation of  the  Wilcox  group,  of  Grenada,  Miss. 
It  is  the  first  and  only  known  occmrence  in  the 
Western  Hemisphere  of  the  genus  Nipadites, 
which  is  common  in  the  Eocene  of  the  Old 
World. 

A  preliminary  sketch*  which  formed  the 
basis  for  the  treatment  of  the  ecology  and  dis- 
tribution in  this  work  was  read  before  the 
American  Philosophical  Society  in  1914. 

The  following  forms  that  are  given  in  the 
lists  on  the  preceding  pages  must  be  dropped 
from  the  literature,  as  they  are  based  on  frag- 
mentary and  not  certainly  determinable  mate- 
rial that  was  subsequently  lost  or  else  on  abso- 
lutely undeterminable  remains.  One  specimen 
is  not  even  of  an  organic  nature. 

Fagusjenuginea  Leaquereux,  Am.  Jour.  Sci.,  2d  ser.,  vol. 
27,  p.  363,  1859.  Recorded  from  Somerville,  Tenn., 
and  specimen  lost.    Obviously  not  a  Fagus. 

JuglanaappresM  Lesquereux,  Am.  Philos.  Soc.  Trans.,  new 
ser.,  vol.  13,  p.  420,  pi.  20,  fig.  6,  1869.  Recorded 
from  Hurleys,  Miss.,  and  specimen  lost.  Not  deter- 
minable. The  same  remark  applies  to  the  identifi- 
cation of  this  species  by  Enowlton  (Am.  Geologist, 
vol.  16,  p.  308,  1895)  from  Old  Port  Caddo  Landing, 
Tex. 

Magnolia  lawrifoUa  Harris,  Arkansas  Geol.  Survey  Ann. 
Rept.  for  1892,  p.  56,  1894.  Recorded  from  Benton, 
Ark.,  and  specimen  lost. 

Phragmites  ceningensis  Alexander  Braun.  Determined 
from  Cross  Bayou  by  Lesquereux  (specimen  No.  2532). 
Based  on  a  fragment  of  a  palm  ray.  (Not  determi- 
nable.) 

Platanus  guillelmx  Lesquereux,  U.  S.  Nat.  Mus.  Proc., 
vol.  11,  p.  25,  1888.  Recorded  from  McLees,  near 
Mansfield,  La.  Not  numbered  in  the  text  or  present 
in  the  collection. 

Populus  mutabilis  var.  repando-crenata  Lesquereux,  Am. 
Philos.  Soc.  Trans.,  new  ser.,  vol.  13,  p.  413,  pi.  18, 
figs.  4-6,  1869.  Based  on  undeterminable  fragments 
recorded  from  Hurleys,  Miss. 

Parana  sp.  Lesquereux,  U.  S.  Nat.  Mus.  Proc.,  vol.  11,  p. 
13,  1888.    Based  on  a  ferruginous  stain. 

Quercus  angustiloha  Lesquereux,  U.  S.  Nat.  Mus.  Proc., 
vol.  11,  p.  25,  1888.  Based  on  an  undeterminable 
fragment  from  Cross  Bayou,  La. 

*  Berry,  E,  W.,  Am.  Philos.  Soc.  Proc.,  vol.  50,  No.  199,  pp.  301-^15, 
1911. 

ft  Berry,  E.  W.,  Am.  Jour.  8ci.,  4th  ser.,  vol.  37,  pp.  57-60, 1914. 

•  Berry,  E.  W.,  Am.  Philos.  Soc.  Proc.,  vol.  53,  pp.  139-250, 1914. 
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Qu£reu8  ehloropkyUa  Leequereux,  Am.  Philoe.  Soc.  Trans., 
new  ser.y  vol.  13,  p.  416,  pi.  17,  fig.  5.  Figure  5  does 
not  represent  this  species  nor  is  it  determinable.  The 
specimens  shown  in  figures  6  and  7  are  referred  by  me 
to  Mimusops  and  Pisonia  respectively. 

Quercus  retracta  Lesquereux,  idem,  p.  416,  pi.  16,  fig.  5. 
This  fragment  is   undeterminable.    The  specimen 
shownin  figure4  has  beenreferred  to  Myrcia  bentonensis 
The  record  from  Benton,  Ark.,  given  by  Harris  (op. 
cit.)  is  based  on  material  since  lost. 

Salix  media  Lesquereux,  U.  S.  Nat.  Mus.  Froc.,  vol.  11,  p. 
13,  1888.  Recorded  from  Wickliffe,  Ky.  Specimen 
lost. 

JSapindua  caudatus  Lesquereux,  idem,  p.  24.  Recorded 
from  Cross  Bayou,  La.  ,  Not  determinable. 

JSapindus  coriacetia  Lesquereux,  idem.  Recorded  from 
Cross  Bayou,  La.    Not  determinable. 

NOHENCLATX7BE. 

The  terminology  which  sanctions  the  name 
Wilcox  for  this  group  of  formations  is  not  of 
long  standing,  tlie  various  included  deposits, 
-either  individually  or  collectively  having  re- 
•ceived  many  names,  both  lithologic  and  geo- 
graphic, of  differing  shades  of  meaning.  As  is 
usually  and  of  necessity  the  case  in  geologic 
studies,  most  of  the  earlier  names  were  loosely 
applied,  without  precisely  defined  limits  or 
adequate  lithologic  or  paleontologic  character- 
istics. It  is  unnecessary  for  the  purposes  of 
this  study  to  go  back  farther  than  1860,  the 
•date  of  publication  of  Hilgard's  '^Report  on 
the  geology  and  agriculture  of  Mississippi.' ' 
In  this  work  the  Wilcox  and  underlying  de- 
posits of  the  Midway  formation  in  the  Missis- 
sippi area  are  termed  the  ^^  Northern  Lignitic 
group,"  usually  shortened  to  simply  ''Lig- 
nitic."* Not  only  because  it  is  a  lithologic 
term,  based  on  an  area  where  marine  faimas 
are  in  general  absent,  but  also  because  it  in- 
-cluded  yoimger  deposits  it  has  been  abandoned 
in  more  recent  years.  It  was  adopted  by 
Smith  ^  for  the  Alabama  area  and  well  char- 
acterized in  1887  with  various  subdivisions, 
largely  paleontologic,  named,  in  order  from  the 
top  downward,  Hatchetigbee,  Bashi,  Tusca- 
homa,  and  Nanafalia.  In  this  usage  it  also  in- 
cluded the  underlying  Midway.  Harris  ^  in 
1894  used  ''Lignitic"  but  gave  it  the  restricted 
paleontologic  basis  of  the  Wilcox  as  used  at  the 

1  Hflgard,  E.  W.,  Report  on  the  geology  and  agriculture  of  Missiasippl, 
pp.  110-123, 1860. 

t  Sznitli,  E.  A.,  and  Johnson,  L.  C,  U.  S.  Oeol.  Survey  Bull.  43,  pp.  18, 
38, 1887,  and  many  subsequent  publications  of  the  Alabama  Oeological 
■Survey. 

•  Harris,  O.  D.,  Am.  Jour.  Sci.,  3d  ser.,  vol.  47,  p.  304, 1894;  Bull.  Am. 
PakoDtology,  yol.  2,  No.  9, 1807. 


present  time.  Meanwhile  Safford  ^  in  1856  and 
later,  as  a  result  of  his  studies  in  western  Ten- 
nessee, had  proposed  the  term  '' Orange  sand 
or  La  Grange  group/' 

The  term  ''Orange  sand"  was  afterward 
used  by  Hilgard  for  the  deposits  in  Mississippi 
subsequently  referred  to  the  Lafayette  forma-, 
tion  and  not  in  the  sense  of  the  original  pro- 
poser of  the  name,  who  used  it  in  the  sense  in 
which  Hilgard  used  ''Lignitic."  The  fact  that 
much  if  not  aU  of  Hilgard's  Orange  sand  or 
Lafayette  in  Mississippi  is  really  of  Wilcox  age 
further  complicates  a  difficult  question  of 
taxonomy.  SaflFoi*d's  term  "Orange  sand  or 
La  Grange  group"  is  objectionable,  because  it 
included  surficial  deposits  of  the  so-called 
Lafayette,^  some  Cretaceous  materials,  and  the 
younger  sands  and  clays  of  west  Tennessee,  which 
are  probably  of  lower  Jackson  age.  This  was 
in  1864.  In  1869  Hilgard  *  proposed  the  name 
"Mansfield  group"  for  the  Wilcox  of  north- 
western Louisiana.  This  unit  was,  however, 
without  a  paleontologic  basis  and  of  less  extent 
than  the  Wilcox  as  now  defined.  The  "Cam- 
den series,"  proposed  by  Hill  ^  in  1888,  included 
not  only  Hilgard's  Mansfield  but  Cretaceous 
and  Jackson  deposits.  Meanwhile  Heilprin* 
had  proposed  the  term  "Eolignitic,"  which  is 
open  to  the  same  objections  as  the  term  "Lig^ 
nitic,"  and,  unlike  that  term,  has  never  been 
accorded  a  very  extensive  usage.  Dall®  in 
1898  adopted  the  term  "Chickasaw  or  Chicka- 
sawan  stage,"  proposed  by  Hilgard  *®  in  1871 
as  the  equivalent  of  his  "Northern  Lignitic," 
assuming  that  the  "Lignitic"  as  defined  by 
Hilgard  was  the  exact  equivalent  of  the 
"Lignitic"  of  southern  Alabama.  As  it  em- 
braces younger  Eocene  deposits,  especially  at 
the  supposed  type  locality  of  the  Chickasaw 
BluflFs,  and  is  thus  historically  inappropriate, 
it  also  has  been  abandoned. 

In  1906  Veatch"  proposed  the  name  "Sa- 
bine," because  of  the  development  of  a  marine 
fossiliferous  series   of  outcrops   along  Sabine 

«  Safford,  J.  M.,  Am.  Jour.  Sci.,  ad  ser.,  vol.  37,  pp.  309-370, 1864. 

6  Hilgard,  E.  W.,  and  Safford,  J.  M..  commimicatlon  in  Am.  Geolo- 
gist, vol.  8,  pp.  129-131, 1891. 

•  Hilgard,  E.  W.,  Am.  Jour.  Sci.,  2d  ser.,  vol.  48,  p.  340, 1869. 

7  Hill,  R.  T.,  Arkansas  Oeol.  Surv^  Rept.  for  1888,  vol.  2,  pp.  49-i53, 
1888. 

8  Heilprin,  Angelo,  Contributions  to  the  Tertiary  geology  and  paleon- 
tology of  the  United  States,  Philadelphia,  1884. 

•  Dall,  W.  H.,  U.  S.  Geol.  Survey  Eighteenth  Ann.  Rept.,  pt.  2,  table 
opp.  p.  334, 1898. 

w  Hilgard,  E.  W.,  Am.  Jour.  Sci.,  3d  ser.,  vol.  2,  pp.  394-396, 1871. 
"  Veetch,  A.  C,  U.  S.  Oeol.  Survey  Prof.  Paper  46,  pp.  34-36, 1906. 
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River  in  Sabine  County,  Tex.,  and  Sabine 
Parish,  La.  These  outcrops  also  represent  but 
a  part  of  the  Wilcox  as  at  present  delimited. 
'* Sabine  River  or  Timber  belt  beds"  had  also 
been  previously  used  by  Penrose  in  1890  for 
deposits  in  eastern  Texas  that  included  mate- 
rials of  daibome  and  Jackson  as  well  as  Wilcox 
age.  The  same  year  the  term  Wilcox  was  used 
in  a  paper  by  Cnder  and  Johnson  ^  on  the 
underground  waters  of  Mississippi.  Since  that 
date  the  more  consistent  supervision  of  the 
conunittee  on  geologic  names  of  the  United 
States  Geological  Survey  has  caused  the  general 
adoption  of  the  term  Wilcox  for  this  group  of 
deposits,  from  their  fullest  and  most  varied 
development  in  Wilcox  County,  Ala. 

FAT7NAS. 

The  Wilcox  marine  faunas  are  known  only 
from  the  seaward  deposits  of  this  age  in  south- 
ern Alabama,  in  the  eastern  Gulf  area,  and  in 
northwestern  Louisiana  and  along  Sabine 
River,  in  the  western  Gulf  area.^  The  following 
brief  account  of  the  general  character  of  these 
faunas  and  their  relation  to  the  sediments  is 
based  on  the  Alabama  section  and  is  followed 
by  a  brief  synopsis  of  the  animal  remains 
found  in  the  upper  embayment  region.  The 
paleozoologic  data  relating  to  the  Alabama 
section  were  compiled  and  interpreted  by  Dr. 
J.  A.  Gardner,  of  Johns  Hopkins  University. 

The  Wilcox  moUuscan  f  aima  is  rather  monot- 
onous in  general  aspect,  in  spite  of  the  four 
faxmules  that  have  been  differentiated.  Prob- 
ably the  most  important  factor  in  determining 
the  general  character  of  the  marine  molluscan 
life  in  an  area  where  long  time  intervals, 
range  in  latitude,  and  marked  cUmatic  changes 
are  eliminated  is  the  depth  of  the  water.  The 
Wilcox  sea  seems  to  have  been  quite  uniformly 
shallow  from  its  opening  to  its  close.  At  no 
time  is  it  at  all  probable  that  the  depth  ex- 
ceeded 25  fathoms.  The  minimum  depth  is 
indicated  by  the  constant  presence  of  Can- 
cellaria,  Ostrea,  Corbula,  Pholas,  and  the  Hke, 
the  maximum  depth  by  the  relative  abundance 
through  the  whole  Wilcox  interval  of  the 
larger  univalves  chiefly  characteristic  of  the 
subUttoral  zone.  There  is  no  evidence  that 
the  slight  change  in  the  character  of  the  sedi- 

»  Crider,  A.  F.,  and  Johnson,  L.  C,  U.  8.  Geol.  Survey  Water-Supply 
Paper  159,  p.  9, 1906. 

>A  small  faunule  has  recently  been  dJsoovered  in  Mississippi  by 
£.  N.  Lowe. 


ments  during  Bashi  time  involved  any  per- 
ceptible deepening  of  the  waters,  and  it  is 
much  more  probable  that  changes  on  the  land 
were  the  determining  factors.  The  Hatche- 
tigbee  check  lists,  indeed,  offer  the  only  evi- 
dence of  any  modification  of  the  depth  suffi- 
ciently pronoimced  to  be  reflected  in  the  f  aima. 
The  littoral  f  acies  is  so  much  more  prominent, 
relatively,  in  this  final  epoch  of  Wilcox  time 
and  the  sublittoral  f  acies  so  much  less  promi- 
nent that  a  considerable  shallowing  may  be 
safely  postulated. 

The  later  faunal  studies  of  the  Wilcox  as  a 
rule  have  been  desultory  or  little  more  than 
compilations  from  the  work  of  the  earlier  inves- 
tigators, particularly  from  Conrad  and  Lea. 
Harris,  in  his  "Lignitic  stage,"'  makes  the 
most  ambitious  attempt  at  a  monographic 
study.  His  paper  bears  many  of  the  marks  of 
rather  hurried  and  superficial  work,  but  he 
does  bring  together  in  a  fairly  satisfactory 
manner  the  results  already  obtained,  and  his 
mistakes,  though  rather  numerous,  are  so 
obvious  that  they  are  not  misleading.  Aid- 
rich  has  added  very  materially  to  the  knowledge 
of  the  fauna  in  numerous  short  articles  pub- 
lished from  time  to  time.^  In  one  of  his 
longer  papers*  he  gives  some  check  hsts 
which,  though  pubUshed  in  1886,  include  the 
majority  of  the  species  thus  far  described. 
The  work  on  the  xmderlying  Midway  and  over- 
lying daibome  faxmas  is  even  more  fragmen- 
tary and  imsatisfactory,  so  that  although  the 
Wilcox  is  recognized  by  both  the  paleozoolo- 
gist  and  the  stratigrapher  as  a  clearly  differ- 
entiated group,  comparative  figures  would  not 
afford  satisfactory  evidence  of  the  differentia- 
tion,  as  their  percentage  of  error  would  be  too 
high.  The  literature  of  the  formational  fau- 
nules,  though  meager,  is,  however,  consistently 
meager,  and  tables  can  be  drawn  up  and  com- 
putations made  which,  though  far  from  being 
entirely  accurate,  yet  convey  a  general  im- 
pression which  is  on  the  whole  not  misleading. 

The  Nanafalia  MoUusca  recorded  in  the 
Uterature  constitute  an  ill-defined  group  of 
about  forty  species,  the   denizens   apparently 

>  Harris,  G.  D.,  Bull.  Am.  Paleontology,  vol.  2,  pp.  195-294, 1897;  idem» 
vol.  3,  pp.  3-128, 1899. 

*  Aldrich,  T.  H.,  Cinciimati  Soc.  Nat.  Hist.  Jour.,  vol.  8,  pp.  145-153, 
1885;  Bull.  Am.  Paleontology,  vol.  1,  pp.  55-M,  1895;  idem,  vol.  2,  pp. 
109-192, 1897;  Idem,  vol.  5,  pp.  1-24, 1911;  Nautilus,  vol.  11,  p.  27,  1897; 
idem,  vol.  11,  pp.  97-98, 1898;  idem,  vol.  17,  p.  19, 1903;  Idem,  vol.  21,  pp. 
8-11, 1907;  idem,  vol.  22,  pp.  74-76, 1908. 

ft  Alabama  Qeol.  Survey  Bull.  1,  pp.  7-60, 1886. 
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of  waters  not  exceeding  15  to  25  fathonis  in 
depth.  The  characteristic  features  of  the 
make-up  of  the  fauna  are  probably  due,  quite 
as  much  to  the  reconnaissance  nature  of  the 
work  done  upon  it  as  to  the  actual  facies. 
Early  collections  include  as  a  rule  only  those 
forms  conspicuous  either  for  their  large  size 
or  their  great  abimdance,  so  that  the  notably 
meager  representation  in  the  Nanafalia  check 
lists  of  all  the  genera  of  lesser  dimensions 
suggests  that  they  formed  an  inconspicuous 
factor  in  the  original  fauna.  FuDy  70  per  cent 
of  the  species  recorded  are  imivalves  of  medium 
or  large  size — ^fulguroids,  fusoids,  buccinoids, 
Pseudoliva,  Turritella,  and  the  like — genera 
mostly  characteristic  of  the  laminarian  and  the 
sublittoral  zones.  The  pelecypods  number  less 
than  a  dozen  species,  but  one  of  them,  the 
Ostrea  thirsse  of  Gabb,  is  so  conspicuously 
prolific  that  the  horizon  is  commonly  known  as 
the  Ostrea  thirsx  bed.  The  abundance  of  this 
oyster  not  only  conclusively  establishes  the  in- 
shore character  of  the  deposits  but  also  serves 
as  a  fairly  accurate  Nanafalia  horizon  marker. 
The  affinities  of  the  fauna  as  a  whole  are  vague 
and  generalized.  Of  the  40  or  41  species  and 
varieties  only  1  species  and  1  variety  are  re- 
stricted to  the  Nanafalia  formation.  Of  the  39 
remaining  forms,  9,  or  approximately  25  per 
cent,  range  from  the  Midway  to  the  upper 
Wilcox  or  higher  and  have  no  significance  in 
close  correlation;  of  the  30  Nanafalia  species 
occurring  at  not  more  than  two  horizons  only 
4,  or  13  per  cent,  are  restricted  to  the  Midway 
and  Nanafalia;  the  other  26,  or  approximately 
87  per  cent,  run  from  the  Nanafaha  up  to  a 
higher  horizon,  of  which  5,  roughly  19  per  cent, 
are  not  known  except  in  the  Nanafalia  and 
Tuscahoma  formations.  The  faxma  is,  there- 
fore, obviously  Wilcox  in  its  affinities  and 
marks  the  initiation  of  many  of  the  most 
characteristic  Wilcox  univalves  but  exhibits 
no  peculiarly  close  relationship  with  any  one 
of  the  later  horizons. 

The  Tuscahoma  is  generally  rather  barren, 
but  at  Bells  Landing  and  Greggs  Landing,  on 
Alabama  River,  and  at  Tuscahoma,  on  Tom- 
bigbee  River,  extensive  collections  have  been 
made  and  worked  up  by  Aldrich,  Harris,  and 
others.  The  check  lists  consulted  record 
168  species.  Of  these  species  121,  or  approxi- 
mately two-thirds,  are  univalves.  The  faxma 
is  well  diversified,  includes  both  herbivorous 


and  carnivorous  gastropods,  and  indicates 
rather  warm,  shallow  waters,  not  exceeding  40 
fathoms,  abounding  in  plant. and  animal  life. 
The  unusually  large  size  attained  by  the  indi- 
viduals collected  at  Bells  Landing  ^  suggests  a 
peculiarly  favorable  environment,  in  which 
the  inhabitants  existed  under  optimum  con- 
ditions. The  best  represented  genera  are 
among  the  larger  univalves,  notably  the 
fusoids,  fulguroids,  tritons,  and  Cassidae. 
Among  the  bivalves  the  taxodonts  are  relar 
tively  rather  numerous.  Corbula  also  occurs 
in  considerable  numbers  along  with  the  ubiqui- 
tous Venericardia.  The  Tuscahoma,  unlike 
the  Nanafalia,  is  clearly  differentiated  from 
the  formations  above  and  below.  Of  the  165 
species  recorded  79,  or  nearly  50  per  cent,  are 
restricted  to  the  Tuscahoma.  Of  the  remain- 
ing 85  forms  35  range  both  above  and  below 
the  horizon  and  may  be  disregarded  by  the 
stratigrapher,  leaving  49  species  to  be  consid- 
ered. The  Tuscahoma  marks  the  lower  limit  of 
range  of  33  of  these  and  the  upper  limit  of  range 
of  16.  These  figures  may  appear  more  signifi- 
cant than  they  really  are,  for  the  Bashi  fauna, 
which  succeeds  the  Tuscahoma,  has  been  stud- 
ied in  much  greater  detail  than  the  Nanafalia 
below  it.  However,  the  critical  work  that  has 
been  done  on  the  Bashi  makes  all  the  more  nota- 
ble the  fact  that  almost  half  of  the  species 
recorded  from  the  Tuscahoma  are  peculiar  to  it. 
The  Bashi  formation  (''Woods  Bluff")  pre- 
sents the  largest  and  most  diversified  fauna' 
known  from  the  Wilcox,  notwithstanding  the 
entire  lack  of  evidence  of  any  appreciable 
increase  in  the  depth  of  the  water.  On  the 
contrary,  the  larger  univalves,  the  fusoids, 
tritons,  and  Cassidae  are  relatively  less  numer- 
ous than  in  the  lower  Wilcox.  Many  of  the 
smaller  genera,  however,  abundantly  repre- 
sented in  the  littoral  and  laminarian  zones  of 
our  recent  seas  occur  in  very  considerable  num- 
bers. For  example,  20  species  of  pleuroto- 
mids,  3  of  Cancellaria,  2  of  Nassa,  2  of  Ceri- 
thium,  and  3  of  Corbula.  The  decrease  in  the 
number  of  the  genera  peculiarly  characteristic 
of  the  sublittoral  zone  is,  however,  merely  rela- 
tive, for  8  species  of  Fusus,  4  of  Acteon,  and  4 
of  VolutidsB  have  been  recorded.  The  change 
in  the  character  of  the  fauna  is  probably  due 
not  to  any  marked  change  in  the  depth  of  the 

1  Aldrich,  T.  H.,  Alabama  Oeol.  Survey  Bull.  1,  pp.  54^55, 1886. 
*  This  fauna  has  recently  been  discovered  in  east-central  Mississippi 
by  £.  N.  Rose. 
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water  but  to  the  finer  sediments  then  in  proc- 
ess of  deposition,  which  afforded  a  more  favor- 
able habitat  to.  the  mud-loving  faunas  than 
had  either  the  Tuscahoma  or  Nanaf  alia.  The 
Bashi  fauna  recorded  in  the  available  check 
lists  nimibers  approximately  200  species.  Of 
these  species  107,  or  more  than  50  per  cent,  are 
peculiar  to  the  formation,  42  of  them  range 
both  above  and  below  it  and  so  lose  their  value 
for  close  correlations,  and  of  the  42  remaining 
forms  25  range  upward  to  the  Bashi  from  older 
beds  and  17  range  upward  into  younger  de- 
posits, thus  implying  that  the  affinities  with 
the  Tuscahoma  fauna  are  closer  than  with  the 
Hatchetigbee. 

The  Hatchetigbee  fauna  is  the  most  obvi- 
ously shallow-water  fauna  recorded  from  the 
Wilcox.  A  few  new  forms  are  introduced, 
which  later  become  prolific,  but  it  chiefly  rep- 
resents the  reduced  remnant  of  an  earlier  life. 
The  capuloids,  Trochidae,  and  Naticidse  are 
relatively  a  Uttle  more  abimdant,  and  Ostrea 
is  represented  by  5  species  instead  of  only  one 
or  two,  as  at  the  earlier  horizons.  The  Imown 
Hatchetigbee  moUusks  nimiber  approximately 
84  species,  of  which  27,  or  a  little  less  than 
one-third,  seem  to  be  peculiar  to  the  horizon; 
19  of  the  remaining  forms  occur  in  the  over- 
lying Qaibome  group  and  at  some  lower  hori- 
zon in  the  Wilcox;  33  of  the  38  remaining 
species  limited  in  range  to  the  Hatchetigbee 
are  not  known  from  sediments  later  than  the 
Wilcox,  and  only  5  of  the  38  range  from  the 
Hatchetigbee  upward  into  the  higher  forma- 
tions of  the  Eocene. 

West  of  Mississippi  River  the  studies  of 
Harris  and  Veatch  have  deinonstrated  the 
presence  of  marine  fossiliferous  Wilcox  in. 
Louisiana  and  along  the  Texas  bank  of  Sabine 
River.  Harris*  in  1899  listed  16  species  of 
Pelecypoda  and  25  species  of  Gastropoda 
from  these  deposits.  Some  of  the  outcrops — 
for  example,  those  at  Marthas viUe,  La.,  and 
at  Pendleton,  Tex. — are  regarded  by  Harris  as 
lower  Wilcox;  that  at  Sabinetown  is  correlated 
with  the  Bashi  formation  of  the  Alabama  sec- 
tion. As  has  already  been  suggested,  the  in- 
sufficient character  of  the  work  thus  far  done 
on  the  paleozoology  of  the  Alabama  Wilcox 
makes  it  impossible  to  determine  the  actual 

range  of  the  species  and  to  what  extent  their 

-- 

^  Hairis,  O.  D.,  and  Veatch,  A.  C,  A  preliminary  report  on  the 
geology  of  Louisiana,  pp.  290-291, 1899. 


recorded  occurrences  are  the  result  of  envi- 
ronmental conditions  and  not  of  chronologic 
value.  The  range  of  the  forms  found  west  of 
the  Mississippi  and  the  mingling  of  lower  Wil- 
cox or  even  Midway  forms  with  upper  T^lcox 
forms  renders  it  almost  certain  that  the  Ala^ 
bama  f aunules  as  at  present  known  are  indi- 
vidually of  slight  stratigraphio  significance. 
There  is  thus  no  satisfactory  paleozoologic 
evidence  for  questioning  the  correlations  based 
on  the  far  more  satisfactory  data  furnished  by 
the  fossil  plants. 

The  large  area  of  Wilcox  in  Mississippi,^  Ar- 
kansas, and  Texas,  and  the  deposits  of  Wilcox 
age  in  Tennessee  and  Kentuclqr,  have  not  fur- 
nished any  marine  fossiliferous  outcrops.  The 
absence  of  animal  fossils  over  this  vast  area  has 
always  been  a  source  of  wonder.  It  might  at 
least  be  expected  that  the  remains  of  insects 
would  be  foimd  associated  with  the  leaves  in 
the  fine-textured  clays,  but  no  remains  of  this 
sort  have  been  found  in  any  of  the  Coastal 
Plain  formations  earlier  than  the  Pleistocene. 
It  is  not  difficult  to  account  for  their  great 
variety  in  a  deposit  like  that  at  Florissant, 
Colo.,  where  the  bulk  of  the  sediments  are 
volcanic  ash  and  where  solf ataxic  vents  existed 
in  the  immediate  vicinity  of  Florissant  Lake, 
but  their  entire  absence  in  the  clays  of  the 
Wilcox  is  certainly  remarkable.  To  be  sure 
they  may  eventually  be  discovered,  but  the 
area  of  outcrop  has  now  been  carefully  ex- 
amined over  many  square  miles  without  suc- 
cess. The  Wilcox  flora  indicates  climatic  con- 
ditions from  which  a  large  insect  fauna  can  be 
postulated,  as  all  the  insect  orders  except  the 
Lepidoptera  are  recorded  from  pre-Tertiary 
deposits. 

The  following  obscure  traces  of  insects  are 
all  that  the  Wilcox  deposits  have  afforded  up 
to  the  present  time.  The  commonest  type  of 
fossil  indicating  the  former  presence  of  insects 
is  furnished  by  the  galleries  constructed  by  the 
larvae  of  the  Tineidee  (Lepidoptera)  in  the 
leaves  of  several  species.  TTiese  markings  are 
shown  on  the  leaves  of  the  following  species: 
Anona  ampla,  Carapa  eolignitica,  Coccolobis 
eolignitica  and  C,  uviferafolia,  Combretum  ovalis, 
DryophyUum  moorei  and  D.  tennesseensis,  Ficus 
schimperi  and  F.  vaugkani,  Terminalia  hUgar^ 
diana,  Zizyphits  falcatus  and  Z.  meigsii.     (See 

1 A  small  faunule  has  recently  been  dJscoyered  in  ICissJsslppi  by 
E.  N.  Lowe. 
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Pis.  XXIII,  XXXI,  XXXVIII,  XXXIX,  and 
XCII.) 

A  specimen  of  the  so-called  seed,  tube,  or 
cone  galls,  commonly  produced  by  species 
of  Cecidomyia  (Diptera)  and. occasionally  by 
the  AphididsB,  is  shown  on  a  figured  leaf  of 
Rhamnus  (PL  CXI,  fig.  1).  The  so-called  peti- 
ole galls  produced  by  some  species  of  Hemip- 
tera  and  more  commonly  by  the  gall  flies 
(Hymenoptera)  are  represented  in  the  illustra- 
tion of  Cedrela  puryearensis  (PI.  LVI,  fig.  2). 
The  figured  leaf  of  Icacorea  prepanicvlata  (PI. 
CVII,  fig.  5)  is  badly  riddled  in  a  manner 
suggesting  the  work  of  some  Wilcox  species  of 
leaf-cutting  bee  (Megachilidae  of  the  order 
Hymenoptera) .  The  imif ormity  in  size  of  the 
holes  lends  support  to  such  an  interpretation, 
although  it  is  possible  that  these  are  due  to  a 
brood  of  leaf-eating  caterpillars.  No  traces  of 
Coleoptera  have  been  seen,  and  it  is  also  strange 
that  the  groups  with  aquatic  larvae  hke  the 
Odonata  and  Ephemerida  have  not  left  some 
traces  of  their  former  presence.  At  any  rate  the 
few  obscure  traces  mentioned  in  the  foregoing 
paragraphs  show  that  there  could  have  been 
nothing  abnormal  in  the  Wilcox  insect  fauna. 

With  the  exception  of  teeth  of  Orocodylus 
grypus  Cope,  a  Wasatch  species,  recently  found 
in  Texas,  no  traces  of  vertebrates  except  a  few 
fish  scales,  as  at  the  Pmyear  locality,  have 
been  discovered. 

Poorly  preserved  Unios  occur  in  the  clays  of 
the  HoUy  Springs  sand  or  middle  Wilcox  at 
Oxford,  Miss.,  thus  confirming  the  presence  of 
a  Wilcox  estuary  at  this  locaUty,  indicated  also 
by   the    lithology.     An  imdeterminable  Cor- 
bula(  ?),  a  genus  characteristic  of  shallow  marine 
or  estuary  muds,  is  present  in  the  beds  of  middle 
WDcox  (HoUy  Springs)  age  near  Grand  Junc- 
tion, Tenn.,  thus  proving  that  the  upper  em- 
bayment  deposits  were  marginal  and  not  con- 
tinental in  character.     The  poorly  preserved 
remains  of  a  large  myriapod  or  possibly  an 
isopod  are  associated  with  the  fossil  plants  at 
Holly  Springs,  Miss.,  and  1^  miles  west  of  Grand 
Junction  and   at  HoUy  Springs  and  Puryear, 
Tenn.   Miss  M.  J.  Rathbun  is  of  the  opinion  that 
these  remains  are  related  to  the  isopod  genus 
Liigy da  RalBnesque  (Ligia  Fabricius)  represented 
by  the  common  Ligyda  baudinianay  which  Uves 
among  driftwood  and  seaweed  in  the  Uttoral 
zone.     Two  of  the  best  specimens  are  shown  on 
Plate  CXI,  figures  7  and  8. 

50243'*— 16 8 


CHABACTEB,    STTCCESSION,   AND    ABEAL 

DISTBEBXTTION. 

After  the  checkered  nomenclatorial  history 
of  these  deposits  previously  sketched  in  part, 
geologists  have  agreed  that  the  term  Wilcox 
group  is  their  most  suitable  designation,  as 
they  are  typically  developed  along  Alabama 
River  in  JSVilcox  County,  Ala.  By  typical  is 
not  to  be  imderstood  typical  in  lithology,  for 
the  type  of  sediments  of  the  upper  embayment 
is  much  more  extensive,  but  tjrpical  in  the 
sense  that  the  sections  exposed  along  Alabama 
and  Tombigbee  rivers  are  the  most  complete, 
covering  the  whole  chronologic  interval  of 
Wilcox  sedimentation  and  sharply  set  off  from 
the  uppermost  Midway  below  and  from  the 
Tallahatta  buhrstone,  the  basal  formation  of 
the  Claiborne  group,  above. 

The  Wilcox  deposits  in  general  consist  of 
more  or  less  extensive  lenticular  beds  of  sands 
and  clays.  The  sands  are  commonly  cross- 
bedded  and  ferruginous,  and  in  places  contain 
clay  balls.  The  clays  are  commonly  carbona- 
ceous and  their  carbonaceous  matter  in  places 
forms  considerable  beds  of  lignite. 

In  Alabama  and  along  Sabine  River  in 
Texas  the  deposits  assimie  a  marine  character 
with  glauconitic  sands  and  thin  shell  marls, 
and  in  Louisiana  calcareous  concretions  are  not 
imcommon. 

Both  lithologic  and  faunal  considerations 
have  suggested  the  segregation  of  the  Wilcox 
deposits  in  Alabama  that  I  have  termed  typical 
into  the  Nanafalia,  Tuscahoma,  Bashi,  and 
Hatchetigbee  formations. 

The  NanafaUa  formation,  termed  originally 
the  ''Coal  Bluff  sands  and  lignites'^  by  Smith, 
from  the  bluff  of  that  name  on  Alabama  River, 
receives  its  name  from  the  typical  section  at 
NanafaUa  Landing  on  Tombigbee  River.  It 
consists  of  sandy  glauconitic  beds  that  alter- 
nate with  gra3dsh  calcareous  clays,  commonly 
fossiliferous  enough  to  be  termed  shell  marls, 
and  that  carry  a  large  and  distinctive  fauna,  of 
which  the  small  Ostrea  thirsse  is  the  most  abun- 
dant form.  These  marls  are  extensively  indu- 
rated. At  the  base  of  the  formation,  and  imme- 
diately above  the  Naheola  formation  of  the 
Midway  group,  occurs  a  bed  of  Ugnite  5  to  7 
feet  in  thickness,  which  has  been  traced  from 
Pike  County,  Ala.,  westward  beyond  Tombig- 
bee River,  and  doubtless  is  represented  by  the 
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uncertainly  correlated  lignites  at  the  base  of  the 
Wilcox  northward  through  the  greater  part  of 
the  outcrop  in  Mississippi. 

The  Nanafalia  formation  maintains  a  rather 
imiform  thickness  across  Alabama  of  about 
200feet.  The  Ugnite  bed  at  its  baseis  amost  im- 
portant factor  in  the  interpretation  of  the 
geologic  history  of  Wilcox  time,  for  it  unques- 
tionably indicates  a  relatively  extensive  emer- 
gence at  the  close  of  the  Midway,  an  emergence 
marked  by  the  withdrawal  of  marine  waters  and 
faunas  from  the  neighborhood  of  the  mouth  of  the 
Ohio  southward  beyond  the  present  outcrop  of 
the  formation  in  southern  Alabama,  a  distance 
of  over  400  miles,  and  by  the  occupation  of  the 
surface  by  extensive  swa^mp  vegetation,  as  the 
lignite  was  clearly  formed  at  the  place  of  growth 
of  terrestrial  vegetation. 

The  Tuscahoma  formation,  formerly  termed 
the  ''Bells  or  Greggs  Landing  series,"  consists 
of  about  140  feet  of  gray  or  yellowish  cross- 
bedded  sands  and  sandy  clays  massive  below 
and  laminated  above,  generally  poor  in  fossils 
except  at  two  horizons  where  glauconitic  shell 
marls  carry  an  abundant  and  distinctive  fauna. 
The  lower  horizon  is  exposed  at  Greggs  Land- 
ing on  Alabama  River  and  the  upper  at  Bells 
Landing  on  Alabama  River  and  Tuscahoma 
on  Tombigbee  River. 

The  Bashi  formation,  formerly  termed  the 
''Bashi  or  Woods  Bluff  series,"  from  Bashi 
Creek  in  Clarke  Coimty  and  Woods  Bluff  on 
Tombigbee  River,  where  the  glauconitic  and 
highly  fossiliferous  horizons  in  the  formation 
are  exposed,  consists  of- about  80  feet  of  calca- 
reous glauconitic  sands  and  sandy  clays.  The 
shallowing  of  the  Wilcox  sea  in  this  area,  first 
apparent  in  the  upper  part  of  the  Tuscahoma 
formation,  culminated  in  an  emergence  which 
is  marked  by  the  2-foot  bed  of  hgnite  that 
marks  the  base  of  the  Bashi  formation. 

The  Hatchetigbee  formation,  named  from 
the  bluff  of  that  name  on  Tombigbee  River, 
consists  in  the  region  of  maximum  thickness 
near  the  river  of  about  175  feet  of  brown,  pmr- 
plish,  and  gray  laminated  sandy  clays,  and 
cross-bedded,  more  or  less  glauconitic  and  cal- 
careous fossiliferous  sands.  It  thins  both  east- 
ward and  westward  from  the  type  locality  and 
is  overlain  unconf ormably  by  the  characteristic 
sediments  of  the  Tallahatta  buhrstone,  the  low- 
ermost formation  of  the  Claiborne  group,  a 
horizon  which  is   well  marked  lithologically 


across  Alabama  and  northwestward  through 
Mississippi. 

A  large  number  of  detailed  local  sections  and 
lists  of  animal  species  of  the  Wilcox  formations 
are  given  in  the  various  reports  by  Dr.  E.  A. 
Smith,^  of  the  Alabama  Geological  Survey,  and 
his  associates  T.  H.  Aldrich,  L.  C.  Johnson,  and 
D.  W.  Langdon,  jr.,  the  major  outUnes  of 
which,  first  published  in  1887,  seem  destined 
to  stand. 

Along  Chattahoochee  River  the  Wilcox  is 
represented  by  less  than  200  feet  of  glauco- 
nitic fossiliferous  sands  and  dark,  laminated, 
commonly  lignitic  day.  The  day  is  at  some 
places  rather  hard.  Several  possible  expla- 
nations of  the  thinness  of  the  Wilcox  along 
the  Chattahoochee  and  eastward  in  Georgia 
suggest  themsdves.  The  beds  may  never  have 
attained  the  thickness  that  they  did  in  cen- 
tral and  western  Alabama;  they  may  have 
been  deposited  and  subsequently  removed 
by  erosion,  or  they  may  be  almost  entirdy 
covered  by  the  extensive  Oaibome  transgres- 
sion that  characterized  the  Georgia  area.  That 
an  interval  of  erosion  was  followed  by  one  of 
transgression  is  indicated  by  the  almost  exact 
hthologic  similarity  of  the  deposits  to  those 
found  in  Alabama  and  Tombigbee  River  sec- 
tions, which  would  not  be  the  case  if  there  had 
been  a  marked  difference  of  physical  condi- 
tions in  the  west  Georgia  area.  In  addition  the 
extensive  interval  of  emergence  at  the  dose  of 
the  Wilcox  and  a  transgression  of  the  basal 
daibome  which  I  have  claimed  on  general 
grounds  finds  local  confirmation  in  the  Geor- 
gia region  in  the  admittedly  great  overlap  of 
the  lower  Claiborne  deposits  and  in  the  phys- 
ical evidences  of  unconformity  between  the 
Wilcox  and  Oaibome  observed  by  Veatch  and 
Stephenson.* 

From  Chattahoochee  River  northeastward 
poorly  fossiliferous  exposures  of  the  Wilcox  are 
identified  at  intervals  over  a  bdt  5  or  6  miles 
in  width  as  far  as  FUnt  and  Ocmulgee  rivers. 
If  the  Wilcox  was  ever  present  in  eastern  Geor- 
gia it  is  now  deeply  buried  beneath  the  Clai- 
borne overlap.  Deposits  carrying  a  small 
fauna  suggesting  the  Nanafalia  formation,  and 

1  Smith,  E.  A.,  and  Johnson,  L.  C,  Tertiary  and  Cretaceous  strata  of 
the  Tuscaloosa,  Tombigbee,  and  Alabama  river?:  U.  S.  Oeol.  Sureey 
Bull.  43, 1887.  Smith,  E.  A.,  Johnson,  L.  C,  and  Langdon,  D.  W.,  Jr., 
Report  on  the  geology  of  the  Coastal  Plain  of  Alabama,  Alabama  Geol. 
Survey,  1894. 

s  Oeorgia  Oeol.  Survey  Bull.  26,  p.  228, 1911. 
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consequently  referred  to  the  Wilcox  group,  axe 
represented  in  the  Santee  drainage  basin  of 
South  Carolina  by  the  Williamsbiu'g  forma- 
tion, which  is  the  easternmost  known  outcrop. 
The  Aquia  formation  of  the  middle  Atlantic 
slope  in  Maryland  and  Virginia  is  unquestion- 
ably in  part  contemporaneous  with  the  Wilcox 
of  the  Southern  States.  It  represents,  how- 
ever, either  a  different  geologic  province  or  an 
area  of  sedimentation  separated  by  a  consider- 
able eastward  extension  of  Eocene  land  in  the 
North  CaroUna  region.  Its  fauna  and  lithol- 
ogy  denote  typically  marine  deposition,  and  as 
only  two  vague  forms  ascribed  to  Carpolithus 
represent  the  terrestrial  flora,  it  has  little  inter- 
est in  the  present  connection.^ 

West  of  Tombigbee  River  in  Alabama  the 
strike  of  the  Wilcox  formations  swings  around 
to  the  northwest  and  becomes  due  north  in  Mis- 
sissippi. The  formational  units  of  Alabama 
lose  their  identity  within  a  short  distance  from 
the  Mississippi  line  by  a  gradual  transition  into 
sands  and  clays  without  marine  faunas  but 
containing  an  abundant  representation  of  the 
terrestrial  flora.  The  Wilcox  deposits  form  a 
belt  in  northern  Mississippi  in  places  50  miles 
wide  and  underHe  all  the  State  except  the 
northeastern  tier  of  counties.  Lithologically 
these  beds  are  divisible  into  three  formations, 
which  Lowe'  has  named  the  Ackerman  beds 
(at  the  base),  the  Holly  Springs  sands  (middle 
formation),  and  the  Grenada  beds  (at  the 
top). 

The  Ackerman  formation,^  named  from  the 
town  of  Ackerman  in  Choctaw  County,  is  pre- 
vailingly argillaceous  and  consists  of  about  300 
feet  of  dark-gray  lignitic  and  ferruginous  sandy 
clays,  beds  of  lignite,  considerable  concre- 
tionary and  bedded  carbonate  of  iron,  and  fer- 
ruginous sandstones.  A  6-foot  bed  of  lignite 
occurs  in  southeastern  Lafayette  and  north- 
western Calhoun  counties. 

The  Holly  Springs  sand,  named  from  the  town 
in  Benton  County,  Miss.,  is  prevaihngly  arena- 
ceous and  constitutes  an  important  artesian 
horizon.  The  formation  consists  of  about  350 
feet  of  cross-bedded,  mostly  coarse,  micaceous 
white  to  yellow,  red,  and  purple  sands,  indu- 
rated in  places,  which  contain  lenses  of  greater 
or  less  extent  of  pink  or  white,  rarely  chocolate- 

2  Maryland  Geol.  Survey,  Eocene,  igoi. 

sLowe,  E.  N.,  Ifiasisslppl  Oeol.  Survey  Bull.  10,  p.  23, 1913. 

s  See  local  section  for  Potts  Camp  on  p.  42. 


colored,  and  generally  siliceous  clays.  Most  of 
the  Wilcox  plants  of  the  eastern  Gulf  area  have 
come  from  this  formation  and  a  number  of 
local  sections  of  plant-bearing  outcrops  are 
given  in  the  chapter  devoted  to  local  sections. 
The  Grenada  formation,  named  from  the 
town  and  county  in  north-central  Mississippi,  is 
prevaihngly  argillaceous  and  consists  of  about 
200  feet  of  pinkish  or  yellow  to  chocolate, 
sandy  micaceous  laminated  clays  and  ferrugi- 
nous sands,  greatly  resembling  lithologically  the 
Hatchetigbee  formation  of  Alabama.  It  has 
not  been  found  to  contain  any  remains  of  inver- 
tebrates. This  formation  does  not  contain  any 
considerable  amount  of  lignite,  and  determina- 
ble fossil  plants  have  been  found  only  at  the 
type  locality. 

In  passing  northward  into  Tennessee  the  out- 
cropping strata  carrying  a  Wilcox  flora  strike 
somewhat  east  of  north,  appearing  as  a  broad 
belt  from  30  to  60  miles  in  width.     The  lower 
(Ackerman)  formation  of  the  Wilcox  group  of 
Mississippi  has  not  been  recognized  in  Tennes- 
see.    The  strata  of  Wilcox  age  in  Tennessee 
form  an  indivisible  unit   that  corresponds  in 
great  part,   both  Uthologically  and   paleobo- 
tanically,  to    the    middle    formation    (Holly 
Springs  sand)  of  the  Wilcox  group  of  Missis- 
sippi.    The  beds  consist  of  interbedded  sands, 
clays,  and  lignites^  but  the  lignites  are  much 
less  developed  than  in  the  basal  Wilcox  of 
Mississippi   and  Alabama.     The  bedding  dif- 
fers greatly  from  place  to  place  and  numer- 
ous  local   unconformities  are  emphasized  by 
redeposited   pebbles  and   balls  from  contem- 
poraneous clay  lenses.     The  sands  are  fine  to 
coarse  and  range  from  white  to  orange  or  red. 
The  clays  range  from  pure  gray  plastic  clays  to 
sandy  lignitic  clays.     Most  of  them  are  high  in 
silica  and  contain   an   abundant   flora.     (See 
pp.  40-42  for  sections.)     The  thickness  has  not 
been  determined  but  is  probably  from  500  to 
600  feet.     In  the  deep  well  at  Memphis,  25 
miles  west  of  the  western  outcrop  of  strata  of 
Wilcox  age,  these  beds  were  reported  to  be 
between  750  and  800  feet  in  thickness.     The 
heavy  beds  of  lignite,  so  prominent  in  the  upper 
beds  of  Wilcox  age  near  the  head  of  the  embay- 
ment  from  Mayfield,  Ky.,  westward,  are  appar- 
ently represented  by  the  thick  beds  of  hgnite 
in  the  upper  part  of  the  strata  of  Wilcox  age 
reported  from  numerous  welk  in  the  western 
parts  of  Haywood  and  Weakley  counties,  Tenn. 
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The  strike  of  the  beds  of  Wilcox  age  swings 
to  the  northwest  a  short  distance  within  the 
State  of  Kentucky  and  becomes  west  in 
McCracken  and  Ballard  counties.  The  land- 
ward margin  of  the  beds  crosses  the  southern 
end  of  Illinois,  where,  however,  they  are  as  a 
rule  either  entirely  removed  by  the  erosion  of 
Ohio  and  Mississippi  rivers  or  are  deeply  buried 
by  alluvial  deposits.  Deposits  correlated  with 
the  Wilcox  are  325  feet  thick  in  the  well  at 
Cairo,  111.  Lithologically  the  deposits  of  Wil- 
cox age  in  Kentucky  are  like  those  of  Tennes- 
see, but  several  beds  of  lignite  occur  toward  the 
top  and  numerous  local  unconformities  mark 
oscillations  in  level.  (See  pp.  50-51  for  discus- 
sion of  sections.)  The  clays  contain  well- 
preserved  plant  remains  at  several  localities, 
notably  the  classic  ones  at  Wickliffe  and  Boaz. 
At  WickhfiFe  well  records  give  a  thickness  of 
430  feet  for  the  deposits  of  Wilcox  age. 

Little  is  known  regarding  the  presence  of 
strata  of  Wilcox  age  in  southeastern  Missouri 
because  of  erosion  and  subsequent  alluvial 
cover.  Deposits  of  that  age  are,  however, 
reported  in  welk.  The  strike  of  the  beds  of 
that  age  is  southwest  across  Arkansas  and  the 
deposits  underlie  the  surface  of  the  whole  State 
south  and  east  of  the  Cretaceous  and  Midway 
outcrops.  The  surface  of  the  State  of  Louisi- 
ana is  also  underlain  by  th^se  beds,  except  in 
small  areas  where  doming  or  fault  blocks  have 
brought  up  Cretaceous  or  Midway  deposits. 
The  Wilcox  deposits  in  Arkansas  and  Louisiana 
have  an  estimated  thickness  of  400  to  800  feet 
and  are  predominantly  dark  carbonaceous 
sands  and  brown  laminated,  commonly  selenitic 
clays.  In  places  the  beds  are  indurated  and 
contain  transported  balls  of  lignite  and  clay, 
especially  toward  the  Texas  border,  where  cal- 
careous concretions  are  also  common.  (See  PL 
V,  p.  39.)  In  many  places  also  they  contain  leaf 
remains,  as  in  the  vicinity  of  Shreveport.  Leaf 
remains  in  the  clays  are  commonly  fragmentary 
and  indeterminable.  More  or  less  sandy  ferru- 
ginous segregations  contain  identifiable  remains 
of  plants,  as  at  Coushatta,  Frierson  Mill,  Na- 
borton,  and  Mansfield,  La.,  and  Little  Cypress 
Bayou  across  the  Texas  border.  Brine  in  some 
places  occurs  in  the  pervious  sands  of  the  Wil- 
cox, and  they  are  reported  to  contain  small 
quantities  of  oil. 

A  few  invertebrate  fossils  occur  from  Shreve- 
port southwestward   to  Sabine  River,    along 


which  fossiliferous  calcareous  glauconitic  marls 
are  reported  from  several  outcrops.  Deposits 
of  Wilcox  age  extend  across  Texas  from  the 
Sabine  southwestward  to  the  international 
boundary  and  on  across  the  Rio  Grande  an 
indeterminable  distance  into  Mexico.  West- 
ward from  Sabine  River,  that  is,  landward  from 
the  Eocene  sea,  the  complex  of  sands,  clays, 
lignites,  and  marine  fossiliferous  calcareous 
glauconitic  marls  of  the  Sabine  section  merge 
in  a  short  distance  into  practically  unfossilifer- 
ous  littoral  deposits  made  up  of  intertonguing 
lenses  of  sands,  lignitic  selenitic  clays  with 
traces  of  leaves,  and  lignites.  Large  concre- 
tionary masses  of  hard  sandstone  are  character- 
istically developed  in  some  areas.  These  lig- 
nitic and  littoral  sands  and  clays  have  an  esti- 
mated thickness  of  500  to  600  feet.  The  upper- 
most Wilcox  in  northeast  Texas  consists  of 
stratified  white  and  red  sands  and  sandy  clays, 
entirely  unfossiliferous  and  free  from  any  consid- 
erable quantity  of  lignite.  These  sands  con- 
stitute the  Queen  City  beds  of  Kennedy.^ 
West  of  Colorado  River  no  detailed  studies  have 
been  made,  but  deposits  of  Wilcox  age  are 
extensively  developed  along  the  Rio  Grande  as 
coarse  sands  overlain  by  fine  micaceous  sand- 
stones, which  are  succeeded  by  alternating  beds 
of  shales,  sandstones,  and  workable  Ugnites. 
The  whole  thickness  is  estimated  to  be  at  least 
850  feet. 

These  data  complete  a  brief  sketch  of  the 
lithologic  character,  succession,  and  areal  dis- 
tribution of  the  deposits  of  Wilcox  age,  from 
their  easternmost  occmrence  in  Georgia  to  the 
place  where  they  cross  the  Rio  Grande  into 
Mexico,  a  distance  of  nearly  2,000  miles  along 
the  strike. 

STRATIORAPHIG  RELATIONS. 

The  stratigraphic  relations  of  the  Wilcox 
group  are  relatively  simple.  Throughout  its 
known  extent  it  overlies  the  deposits  of  the  Mid- 
way formation  and  is  in  turn  overlain  by  those 
of  the  Claiborne  group.  These  relations  have 
always  been  considered  to  be  those  of  conform- 
ity, but  there  are  many  indications  of  a  long 
interval  of  erosion  between  the  Midway  and  the 
Wilcox,  and  a  less  conclusive  amount  of  data 
indicates  a  similar  interval  between  the  Wilcox 
and  the  Claiborne.     Considering  first  the  un- 

1  Kennedy,  William,  Acad.  Nat.  Sci.  Philadelphia  Proc.,  pp.  135-136* 
ISOo. 
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conformity  between  the  Midway  and  Wilcox, 
I  am  aware  of  only  one  or  possibly  two  local- 
ities  where   direct    physical    evidence  of    an 
erosion  interval  is  available.     The  first  locality 
is  in  the  vicinity  of  Fort  Gaines,  Ga.,  where 
numerous  pothole-like  depressions  in  limestone 
of  the  Midway  fonnation,  in  places  20  feet 
in  depth,  are  filled  with  Wilcox  deposits.     A 
second  locality  widely  removed  from  the  pre- 
ceding is  along  the  Rio  Grande,  where,  how- 
ever,  the  deposits  have  not  been   positively 
correlated.     In  southwestern  Maverick  Coxmty, 
along  the  Rio  Grande  between  White  Bluff  and 
the  line  between  Maverick  and  Webb  coun- 
ties, according  to  information  conmiunicated 
by  L.  W.  Stephenson,  marine  fossihferous  beds 
of   limestones,  clays,  and    glauconitic    sands 
of   Midway  age  are  separated   by  a   marked 
erosional    xmconformity  from    the    overlying 
beds  provisionally  regarded  as  of  Wilcox  age. 
The  Wilcox  consists  of    200  to  250  feet    of 
irregularly  bedded  niedium  to  coarse  grained 
sandstone,  with  subordinate   thin    laminated 
layers  and  laminae  of   gray  clay,  many  thick 
massive  lenses  of  sand,  more  or  less  lignitic, 
and    much    fragmentary  vegetable    material. 
At  one  place  a  well-developed  basal  conglom- 
erate 2  to  3  feet  thick,  is  largely  made  up  of 
pebbles  of  iron  carbonate  derived  from  the 
underlying  Midway.     In  so  vast  an  area,  where 
all  the  studies  have  been  of  a  reconnaissance 
nature,  breaks  in  the  sedimentation  wiU  prob- 
ably not  be  easily  recognizable  in  the  field,  par- 
ticularly when  the  general  lithologic  similarity 
between  shallow  water  and  littoral  sediments 
of  different  ages  is  borne  in  mind.     Besides  the 
faunal  changes  that  mark  the  transition  from 
Midway  to  Wilcox,  which  are- considerable,  and 
the    floral   changes,    which   are   inadequately 
known  because  of   the  paucity  of   the  Mid- 
way ( ?)  flora,  it  may  be  noted  that  succeeding 
the  Midway,  during  which  time  marine  faunas 
penetrated  northward  at  least  into  Tennessee, 
there  was  preserved  at  the  base  of  the  Nana- 
falia  formation   an   extensive   bed   of  lignite 
from  5  to  7  feet  in  thickness.     That  this  was 
formed  in  place  (autochthonous)  by  terrestrial 
vegetation  and  that  the  marine  waters  had 
withdrawn  southward  beyond  the  present  out- 
crop is  almost  certainly  estabUshed.     It  may 
also  be  noted  that  northward  along  the  contact 
of  the  outcrop  of  the  Wilcox  beds  with  the 
Midway  successively  younger  Wilcox  beds  rest 


on  the  Midway,  so  that  the  middle  Wilcox 
(Holly  Springs  sand)  of  Oxford  and  HoUy 
Springs,  Miss.,  several  hundred  feet  above  the 
base  of  the  Wilcox  in  that  latitude,  are  the  ex- 
treme basal  deposits  of  the  beds  of  Wilcox  age 
in  Henry  County,  Tenn.  These  horizons  can 
be  traced  by  the  lithology  and  are  strikingly 
confirmed  by  the  distribution  of  the  flora  in 
the  eastern  Gulf  area.  In  addition  the  well 
records  available  for  study  show  that  the  Wil- 
cox as  a  whole  becomes  thicker  down  the  dip, 
a  sure  indication  of  either  erosion  or  of  deposi- 
tion during  an  advance  and  subsequent  retreat 
of  the  Gulf  waters. 

In  the  western  Gulf  area  the  floras  are  not 
sufficiently  represented  for  exact  correlation. 
Nevertheless,  as  shown  in  the  discussion  of  the 
local  sections  and  of  correlation,  all  the  floras 
across  Arkansas  and  Louisiana  westward  to 
Wilson  Coimty,  Tex.,  are  not  older  than  the 
Holly  Springs  sand  (middle  Wilcox).  The  de- 
posits containing  these  floras  conmionly  lie  but 
a  short  distance  above  the  top  of  the  deposits 
of  Midway  age,  as  at  Benton  and  Malvern  in 
Arkansas  or  along  Calaveras  Creek  in  Wilson 
Coimty,  Tex.  The  well  records  in  the  Naborton 
oil  field  of  western  Louisiana  show  that  thick 
beds,  representing  all  of  the  lower  Wilcox  and 
most  of  the  middle  Wilcox  of  the  eastern  Gulf 
region,  were  extensively  transgressed  by  the 
late  middle  Wilcox  and  nowhere  reach  the  sur- 
face as  an  outcropping  formation.  The  lignites 
mined  in  Burleson  and  Wood  counties,  Tex., 
probably  represent  the  middle  Wilcox.  The 
floras  preserved  are  sufficient  to  render  conclu- 
sive the  statement  that  the  Wilcox  deposits  of 
the  western  Gulf  area  are  either  of  Holly 
Springs  (middle  Wilcox)  or  Grenada  (upper 
Wilcox)  age.  In  other  words,  the  Ackerman 
or  lower  Wilcox  of  the  eastern  Gulf  area  does 
not  outcrop  west  of  Mississippi  River. 

These  facts  clearly  demand  an  interval  of 
emergence  and  erosion  between  the  Midway 
and  the  Wilcox,  an  interval  of  considerable 
diu*ation  but  of  not  very  great  change  in  level. 

The  proof  of  a  similar  interval  between  the 
Wilcox  and  the  overlying  Claiborne  is  not  so 
conclusive.  It  rests  on  the  physical  evidence 
of  an  erosional  interval  observed  by  Veatch 
and  Stephenson  *  at  several  localities  in  western 
Georgia;  on  the  littoral  character  of  the  basal 
beds  (Tallahatta  buhrstone)  of  the  Claiborne 

1  Veatch,  Otto,  and  Stepheason,  L.  W.,  Georgia  Geol.  Survey  Bull.  26, 
p.  228. 1911. 
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group;  on  the  undoubted  great  overlap  of  the 
lower  aaibome  in  Geoi^a;  on  the  very  great 
change  in  faunas,  and  especially  in  floras,  in 
passing  from  the  Wilcox  to  the  Oaibome,  for 
of  over  300  known  species  of  Wilcox  plants  less 
than  half  a  dozen  have  been  discovered  in  the 
extensive  floras  of  the  Qaibome.  Evidence  of 
the  northward  thinning  of  the  Claiborne,  indi- 
cating deposition  during  transgression  and  re- 
treat of  the  waters  is  furnished  by  the  sections 
along  Crowleys  Ridge,  Ark.  The  section  on  Boli- 
var Creek  containing  Wilcox  plants  is  discussed 
on  page  52.  A  considerable  bed  of  lignite  lies 
at  or  near  the  base  of  the  Qaibome  at  numerous 
localities  in  Arkansas,  Louisiana,  and  Texas.^ 

The  conclusion  is  reached  that  the  relations 
of  land  and  water  in  this  area  between  the  end 
of  the  Upper  Cretaceous  and  the  dawn  of  the 


SBCnOKS  IN  MISSISSIPPI. 
GRENADA,  GRENADA  COUNTY. 

An  abundantly  fossiliferous  outcrop  in  a 
bluff  on  the  right  bank  of  Bogue  River  half  a 
mile  above  the  wagon  bridge  and  1  mile  east  of 
Grenada,  in  Grenada  County,  Miss.,  was  discov- 
ered by  E.  N,  Lowe,  State  geologist  of  Missis- 
sippi. It  is  of  considerable  importance  because 
of  its  location  so  far  south  in  theembayment  area 
and  also  because  it  is  so  near  the  top  of  the  Wil- 
cox group,  for  the  overlying  Claiborne  outcrops 
within  a  mile  or  two  to  the  west,  and  the  plant- 
bearing  horizon  is  hence  within  100  feet  of  the 
contact  of  the  Wilcox  and  the  Claiborne.  The 
whole  section  is  about  150  feet  in  thickness,  but 
the  upper  and  more  sandy  portion  is  mostly 
concealed  by  slumping  and  vegetation.    Along 
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Figure  1.— Diagram  showing  oscillations  of  the  strand  line  In  the  Mississippi  embayment 

during  earlier  Eocene  time. 


Claiborne  or  middle  Eocene  were  as  shown  in 
figure  1. 

THE  PLANT-BEARING  OUTCROPS. 

The  individual  sections  in  the  Wilcox  group 
that  are  exposed  to  observation  are  nowhere 
of  very  great  thickness  but  in  many  places 
can  be  augmented  by  well  records,  and  as  the 
attitude  of  the  deposits  is  so  imiform  through- 
out most  of  the  region  in  which  they  occur  it 
is  possible  to  trace  the  different  horizons  from 
place  to  place  in  spite  of  the  very  great  lateral 
variability  of  the  materials. 

The  following  sections  of  plant-bearing  out- 
crops are  considered  in  geographic  order  from  the 
southernmost,  in  Mississippi,  northward  around 
the  head  of  the  embayment  and  then  southwest- 
ward  across  Arkansas,  Louisiana,  and  Texas. 

1  See  Berry,  E.  W.,  Erosion  intervals  in  the  Eocene  of  the  Mississippi 
embayment:  U.  S.  Oeol.  Survey  Prof.  Paper  95,  pp.  73-82, 1915  (Prof. 
Paper  9&-F). 


the  river  the  bluff  shows  about  30  feet  of  lami- 
nated brownish,  more  or  less  indurated,  sili- 
ceous clay  that  contains  white,  somewhat  mica- 
ceous sand  films,  slightly  iron  stained  and  much 
less  micaceous  thian  the  material  around  Ox- 
ford, Miss.  The  clays  carry  considerable  com- 
minuted lignite  and  abimdant  plant  remains, 
especially  about  15  feet  above  the  base.  (See 
PL  yi,  Aj  p.  44.)  I  have  identified  the  follow- 
ing 63  specious,  which  I  collected  from  this  out- 
crop with  the  assistance  of  Dr.  E.  N.  Lowe: 

Anacarditee  grevilleafolia. 
Apocynophylliim  miasifisippiciUBiB. 
Apoc>Tiophyllum  sapindifolium. 
Aralia  acerifolia. 
Aralia  jorgeiiseoi. 
Artocarpufl  pungeiis  (?). 
Bauksia  eaffordi. 
Bumelia  grenadensis. 
Caenomycee  peHtalozzites. 
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Canavalla  eoceulca. 
Cazma  eoceuica. 
Capparis  eocenica. 
CarpollthuB  grenadenais. 
CarpolithuB  pilocarpoides. 
CarpolithuB  sophorites. 
OaaBia  glemxi. 
Caasia  lowii. 
Caasia  mlaaiflBippiensifi. 
ChryBobalamiB  eoceiuca. 
ChryBobalaQUB  intequalia. 
ChryBophyllum  ficifolia. 
CitharexyloQ  eoligniticum. 
Dalbergites  ellipticifolius. 
Dalbeigitee  ovatus. 
Dillemtefl  tetracerafolia. 
Dillemtes  texensis. 
Dryophyllum  puryearensis. 
Dryophyllum  tenneeseensis. 
Engelhardtda  ettlngBhaufieni. 
Eugenia  grenadcnsia. 
Ficufl  monodon. 
Ficufi  puryearensis. 
Fraxinus  johnstmpi. 
Gleditedophyllum  eocenicum. 
Juglans  schimperi. 
Melastomitee  americanus. 
Meniphylloides  ettingBhauseni. 
Meepilodaphne  eolignitica. 
Metopium  wilcoxianum. 
Mimositcs  variabilis. 
MimuBops  mississippienBis. 
Myrcia  bentonensis. 
Myrcia  greiiadensis.    . 
Myrica  wilcoxensis. 
Nectandra  lancifolia. 
Nectandra  pseudocoriacea. 
Kipaditee  burtini  umbonatus. 
Oreodaphnc  obtusifolia. 
Phyllites  wilcoxensis. 
Planera  crenata  (?). 
Proteoides  wilcoxensis. 
Pteiis  pseudopinmeformis. 
Khamnus  cleburiii. 
Khamnus  coushatta. 
Sabalites  grayanus. 
Sapindus  formosus. 
Sapindus  mississippiensis. 
Sapindus  oxfordensis. 
Sophora  wilcoxiana. 
Sterculia  puryearensis. 
Terminalia  wilcoxiana. 
Temstroemites  lanceolatus. 
Temstrcemites  ovatus. 

This  list  represents  the  largest  Wilcox  flora 
from  any  single  locality  except  that  at  Pur- 
year,  Tenn.  It  includes  no  gymnosperms. 
There  are  1  leaf-spot  fungus,  2  ferns,  4  mono- 
cotyledons,  and  56  dicotyledons.     There  are 


but  10  Leguminosse,  4  LauracesB,  and  3  Mora- 
ceae.  Fifteen  species  are  peculiar  to  this 
locality.  They  are  referred  to  the  genera 
Apocynophyllum,  Aralia,  Bumelia,  Carpo- 
lithus.  Cassia,  Dalbergites,  Eugenia,  Mimu- 
sops,  Myrcia,  Nipadites,  Phyllites,  and  Ter- 
minalia. None  of  them  are  generic  types  pe- 
culiar to  the  locality  except  Dalbergites  and 
Nipadites.  A  reference  to  the  table  of  dis- 
tribution shows  that  10  of  the  Grenada  species, 
or  17  per  cent,  appear  in  the  Ackerman  for- 
mation or  basal  Wilcox,  and  that  33  species, 
or  54  per  cent,  are  common  to  the  Puryear 
locality. 

OXFORD,    LAFAYETTE   COUNTY. 

The  sections  in  and  around  Oxford  are  of 
especial  interest  not  only  because  of  the  fossil 
plants  they  contain  but  particularly  since  the 
so-called  Lafayette  formation  was  named  from 
Lafayette  County,  Miss.,  and  the  railroad  cuts 
at  Oxford  were  considered  the  type  section  of 
this  formation  by  Hilgard,  SafiFord,  Smith,  and 
McGee.*  There  are  no  deep  wells  in  the  county 
which  would  serve  to  give  the  distance  above 
the  base  of  the  Wilcox,  but  a  rough  estimate 
shows  it  to  be  between  300  and  350  feet.  The 
littoral  character  of  the  Wilcox  sediments  at 
this  horizon  is  well  shown  in  the  few  selected 
sections  that  follow.     (See  PI.  IV,  B,) 

Section  east  of  Illinois  Central  Railroad^  one-half  mile  north 

of  depot  at  Oxford. 

Feet. 

1 .  Brown  loam 1-  2 

2.  Rather  coarse  brown  stratified  sand 4-6 

Holly  Springs  sand : 

3.  Gray  to  white  siliceous  clay  masses  of  greater 

or  less  size,  carrying  casts  of  Unio  and 
abundant  leaf  impressions 0-5 

4.  Stratified  orange  sand 2-  3 

5.  Lens  of  gray  siliceous  clay,  with  poorly  pre- 

served leaf  impressions 0-4 

6.  Coarse  brown  cross-bedded  sands  separated 

by  femiginous  indurated  bands  I  inch  to 
3  inches  in  thickness,  replaced  horizon- 
tally by  pinkish  or  grayish-buff  finer  sands.  10-12 

This  section  is  at  or  near  the  exact  outcrop 
that  was  the  basis  for  the  drawing  of  the  ' '  cut 
at  Oxford*'  figured  by  Hilgard  on  page  6  of 
his  *^  Report  on  the  geology  and  agriculture  of 
Mississippi''  and  reproduced  by  McGee  in  his 

» Berry,  E.  W.,  Jour.  Geology,  vol.  19,  pp.  24i^256,  figs.  1-4, 1911. 
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extensive  paper  on  the  Lafayette  formation/ 
but  there  has  of  course  been  considerable 
erosion  in  the  50  years  that  have  elapsed  since 
Prof.  Hilgard  made  his  sketch.  Some  geolo- 
gists, notably  E.  A.  Smith,  are  inclined  to  see 
an  unconformity  in  this  section  between  Nos. 
3  and  4,  particularly  because  the  clay  outcrop 
is  irregular  and  neighboring  exposures  show 
pellets  or  larger  disconnected  masses  of  clay. 
These  features  are  due  primarily  to  current 
bedding  and  weathering  and  are  intraforma- 
tional,  as  is  conceded  by  McGee.  This  relar 
tion  is  indicated  by  tracing  the  exposure  up 
the  near-by  ravine  to  the  northeast,  as  shown  in 
the  following  section.  The  strata  included  in 
the  preceding  section  are  overlain  in  this  local- 
ity by  typical  leaf-bearing  clays  of  the  Wilcox. 

Section  in  ravine  at  Oxford  about  200  yards  north  of  the 

courthouse. 

Feet. 

1.  Brown  loam 0-1 

Holly  Springs  sand: 

2.  Loam  grading  into  reddish  compact,  rather 

fine  sands  with  a  few  scattered  pieces  of 
limonite  (probably  not  a  primary  feature); 
the  sands  become  looser  and  are  buff 
toward  the  base 9-10 

3.  Similar  stratified  sands,  lighter  in  color  and 

more  aigillaceous  than  material  in  No.  2, 
carrying  small  clay  pellets  at  the  base; 
about 5 

4.  Grayish  sandy  clay,  more  or  less  ferruginous 

stained  and  containing  some  scattered  thin 

iron  crusts 3-4 

5.  Brownish  stratified  sand  similar  to  that  of 

No.  2,  containing  layers  of  gray  laminated 
clay  grading  into  brownish  or  bluish  lami- 
nated clay 5-  6 

6.  Laminated    clays    passing    gradually    into 

darker,  more  massive,  and  somewhat  more 
micaceous  clays,  in  places  very  arenaceous 
and  contain  ing  numerous  leaves  of  plants.        20 

Bed  No.  6  grades  horizontally  into  the 
lighter  sandy  laminated  clays  exposed  along 
the  railroad  immediately  south  of  the  first 
section  and  are  at  the  same  level  as  the  lower 
sands  in  that  section.  The  massive  argilla- 
ceous beds  in  the  ravine  are  somewhat  bluish 
in  color  but  on  drying  become  brownish 
banded  ringing  clays.     The  gray  films  of  sand 


in  the  laminated  days  contain  much  brownish 
comminuted  vegetable  matter,  but  apparently 
no  leaves  have  been  foimd  in  them,  possibly 
because  they  do  not  lend  themselves  to  exploi- 
tation. The  leaf  remains  are  not  especially 
abundant  but  are  rather  generally  distributed 
through  the  more  massive  clays  and  represent  a 
considerable  flora.  Palm  leaves  are  especially 
abundant  and  large,  some  being  several  feet  in 
diameter,  but  they  are  very  difiicult  to  collect. 
The  following  species  occur  here: 

Railroad  cnt. 

Apocynophyllum  tabellarum. 
Ficus  vaughani. 
Oreopanax  oxfordensis. 
Sabalites  grayanus. 
Sapindus  oxfordencis. 

Ravlna. 

Acacia  wilcoxensis. 
Apocynophyllum  wilcoxense. 
Csenomyces  laurinea. 
Csenomyces  myrtae. 
Caenomyces  pestalozzites. 
Csenomyces  sapotae. 
Canna  eocenica. 
Cinnamomum  mississippiensis. 
Cinnamomum  vera. 
Dryophyllum  tennesseensis. 
Ficus  cinnamomoides. 
Glyptoetrobus  europseus. 
Myrcia  bentonensis. 
Myrcia  vera. 
Nectandra  lowii. 
Nectandra  pseudocoriacea. 
Oreopanax  oxfordensis. 
Palseodendron  americanum. 
Pithecolobium  oxfordensis. 
Sabalites  grayanus. 
Zizyphus  meigeii. 

This  horizon  is  comparable  to  the  buff  clays 
carrying  Sabalites  which  underlie  the  clay  lens 
at  Puryear  in  Henry  Coimty,  Tenn.,  and  wluch 
have  furnished  the  very  large  flora  described 
from  that  locality. 

I  give  only  one  other  section  at  Oxford,  one 
that  shows  even  more  conclusively  than  the 
preceding  section  that  the  Wilcox  in  this  county 
is  indivisible  and  that  there  is  nothing  cor- 
responding to  a  Lafayette  formation  in  La- 
fayette County. 


Section  of  Holly  Springs  sand  in  cut  of  Illinois  Central  Railroad  1  miU  north  of  Oxford  depot. 


Feet. 


1.  Yellowish  argillaceous  stratified  sand,  grading  downward  into  No.  2 ;  about 10 

2.  Grayish  and  pinkish  sands,  much  cross-bedded,  with  clay  laminae 10 

3.  Medium  coarse,  much  cross-bedded  micaceous  sands  alternating  in  2  to  4  foot  beds  with  2  to  3 

foot  beds  of  very  thinly  laminated  greenish  or  pinkish  gray  clay  containing  fine  sand  films, 
the  whole  about 25 


» McGee,  W  J,  U.  8.  Oeol.  Survey  Twelfth  Aim,  Kept.,  pt.  1,  p.  457,  flg.  58. 1891. 


PLANT-BEARING   OUTCBOPS. 


41 


Deep  weJls  are  lacking  throughout  Lafayette 
County.  The  only  record  that  I  can  find  is 
that  of  the  city  well  at  Oxford,  given  by  Crider 
and  Johnson  ^  on  the  authority  of  W.  N.  Logan 
and  W.  R.  Perkins.  It  furnishes  a  welcome 
addition  to  the  surface  exposures  in  this  vicinity, 


Section  of 

Wilcox  at 

Oxford,  Miss. 


2 
3 

4 

5 


•■•.vr 


m^ 


'M'n'i<*' 


(a) 

Sand 
and 
clay 


Clay 


iiii 


Clay 


LlLL 


Sand 


1  to  6  from  section  exposed 
in  ravine 

(a)  Continued  downward 
from  city  well  record 

Figure  2.— Section  of  Wilcox  deposits  at  Oxford,  Miss. 


and  shows  that  the  Wilcox  has  a  minimum 
thickness  of  at  least  300  feet  at  this  point. 
The  record  is  as  follows: 


Record  of  city  veil  at  Oxford^  Miss. 


Clay  and  sand. 
Sand 


Feet. 
.  90 
.     15 


t  Crider,  A.  F.,  and  Johnson,  L.  C,  U.  S.  Geol.  Survey  Water-Supply 
paper  159,  p.  65, 1906. 


Clay ^7 

Soapstone  (clay) 78 

Hard  sandstone 50 

In  figure  2  is  given  a  diagram  of  the  section 
as  measured  in  the  ravine  north  of  the  court- 
house, together  with  the  dowQward  continua- 
tion of  the  beds  as  shown  in  the  record  of  the 
city  well. 

HOLLY   SPRINGS,    MARSHALL   COUNTY. 

Both  the  potteries  at  Holly  Springs  obtain 
their  clay  from  near-by  exposures  in  the  same 
hill  about  H  miles  east  of  the  town.  The 
small  opening  on  the  south  slope  of  this  hill 
shows  the  following  sequence  of  materials: 

Section  of  Holly  Springs  sand  at  Holly  Springs j  Miss. 

Feet. 

1.  Brownish  sandy  loam;  about 5 

2.  Gray  sandy  clay  becoming  purer,  more  distinctly 

bedded,  and  darker  toward  the  base,  where  it 
carries  finely  preserved  impressions  of  leaves; 
exposed 10 

The  leaf-bearing  portion  is  1  to  2  feet  thick 
and  is  underiain  by  more  sandy  materials. 
The  following  species  occur  here: 

Anacardites  marshallensis. 
Bumelia  lanuginosafolia. 
Ccesalpinia  wilcoxiana. 
Ccesalpinites  mi^ssissippienslB. 
Canavalia  eocenica. 
Capparis  eocenica. 
Cassia  emarginata. 
Cassia  fayettensis. 
Cassia  wilcoxiana. 
Cedrela  wilcoxiana. 
Cinnamomum  obovatus. 
Cinnamomum  vera. 
Citharexylon  eoligniticum. 
Dillenites  serratus. 
Dryophyllum  tennesseensis. 
Drypetes  prelateriflora. 
Engelhard  tia  ettingshauseni. 
Ficus  sp. 
Ficus  myrtifolius. 
Gleditsiophyllum  entadaformis. 
Gleditsiophyllum  fructuosum. 
Guettarda  ellipticifolia. 
Laguncularia  preracemosa. 
Nectandra  pseudocoriacea. 
Oreodaphne  mississippiensis. 
Oreodaphne  obtusifolia. 
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Paliurufi  angustus.  Celastrue  minor. 

Paliurus  mlsBissippiensis.  Cinnamomum  vera. 

Reynosia  prsenuntia.  Dodonsea  wilcoxiana. 

Sabalites  gray  anus.  Dryophyllum  tennesseensifl 

Sapindus  formoeus.  Ilex  eolignitica. 

Sapindus  lin  earif olius .  Paliurus  angustus . 

Solanites  saportana. 

Sophora  wilcoxiana.  EARLY  GROVE,  MARSHALL  COUNTY 

The  larger  opening  on  the  north  slope  shows 
3  to  5  feet  of  brownish  argiUaceous  sand,  under-  ^^^^^  ^''^^^  ^»  situated  in  northeastern  Mar- 
lain  by  about  20  feet  of  gray  stratified  clay  in  ^^^^  County,  Miss.,  at  an  elevation  between 
beds  that  are  alternately  of  different  degrees  ^^^  ^^^  ^^^  ^^^^  ^^  f^""  ^^  "^^f  ^^^^^^ 
of  purity  or  sandiness.  At  the  base  of  the  ^^^^^g  *^®  ^^""'^^  ^^^^^  ^^  ^^^  P^*^*  locality  at 
exposure  in  a  near-by  ravine  the  foUowing  ^oUy  Springs.  The  exact  locality  is  at  Well- 
species  were  collected:  ^^"^^^  ^^^^^  ^  °^^®  southeast  of  the  town  and 
^     .            .    ^  just  east  of  the  public  road,  where  extensive 

Cassia  emarginata.  '  i  i    V 

Cedrela  wilcoxiana.  gullies  have  been  eroded  in  the  upland.     The 

Celafitnis  bruckmannifolia.  following  section  is  exposed : 

Section  of  Ilolly  Springs  sand  at  Early  Grove,  Miss. 

Feet. 

1.  Orange,  brown,  yellow,  and  gray  compact  coarse  croes-bedded  sand,  grading  downward  into 

No.  2 15 

2.  Gray,  more  or  less  ferruginous  stratified  sand ;  thin  iron  crust  at  base 15 

3.  Gray,  pinkish,  and  white  arenaceous  laminated  clay,  containing  in  places  thin  iron  crusts  and 

poorly  preserved  impressions  of  leaves,  grading  downward  into  No.  4 8 

4.  Brownish-drab,  rather  pure  clay,  thickly  laminated,  and  containing  thin  films  of  fine  light 

sand  with  well-preserved  leaf  impressions;  exposed 4-5 

A  small  collection  was  made  here  in  1889  by  Heterocalyx  saportana. 

L.  C.  Johnson  from  No.  4,  and  three  specimens  ^^^^  vomitoriafolia. 

from  No.   3  were   collected  by  W  J  McGee  nga  mississippiensis.  • 

•^         .  Lycododites  (?)  eoligmticus. 

shortly    afterward.     McGee  s    specimens    are  Mimoaitea  variabilis. 

Cassia   eolignitica  Berry,    EngeOiardtia    {Oreo-  Paliiuxis  mississippiensis. 

munnea)  mississippiensis  Berry,  and  Sapindus  Sapindus  linearifolius. 

mississippiensis  Berry.     I  visited  this  locality  Sapindus  mississippiensis. 

in  1910  and  1913  and  collected  much  material  hurleys,  benton  county. 

from  the  lower  member.     A  study  of  this  col-        rj^jg  locality,  known  as  Hurleys  schoolhouse, 

lection  and  that  made  by  Jolmson  furnishes  ^nj  formerly  in  Tippah  County  but  now  m 

the  foUowing  list  of  species:  Benton   County,   was   discovered   by   E.    W. 

Antholithus  marsliallerisis.  Hilgard  before  the  Civil  War,  and  his  collection 

Avicennia  nitidaformis.  formed    the   basis   for   a   number   of  species 

Bumelia  pseudotenax.  described  by  Lesquereux  in  1869. 
Bumelia  wilcoxiana.  tj^^  outcrop  is  4  miles  west  of  the  town  of 

Ceesalpinia  wilcoxiana.  -di        \r        .•       \r-  ji.j         j.  \. 

Camivalia  acuminata.  ^.^^^  Mountam,  Miss.,  and  had  not  been  re- 

Capparis  eocenica.  visited  until  it  was  rediscovered  by  E.  N.  Lowe 

Cassia  eolignitica.  in   1912.     I  visited  it  in  company  with  Dr. 

Cassia  glenni.  Lowe  in  1913.     The  schoolhouse  has  long  since 

Cassia  marshallensis.  disappeared,  and  its  site,  on  the  summit  of  a  low 

Cassia  tennesseensis.  -  i.'ii     •  •  •   j    i.      r-n   ^    t>      i     m_        i_       r\ 

Cedrela  mi^iaeippiensia.  ^"'   '«  occupied  by  Flat  Rock  Church.     On 

Celastnis  eolignitica.  ^^®  slopes  of  the  hill  the  leaf -bearing  clay  iron- 

Celastnis  veatchi.  stone  outcrops  as  an  almost  concealed  ledge 

Engelhardtia  ettingshauseni.  about  20  feet  below  the  top  of  the  hill,  overlain 

Engelhardtia  mississippiensis.  ^y  brown  or  reddish,  more  or  less  indurated 

Euonymus  splendens.  ,       ^«,         i     ^  i_        •  i  •  n 

Exostema  pseudocarib^um.  f^^^.     The    leaf-beanng    layer    is    generally 

Ficus  myrtifolius.  ^6®  from  sand  and  is  laminated  and  high  in 

Glyptostrobus  europseus.  iron.     Below  this  stratum  lies  an  imdetermined 
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thickness  of  gray  sandy  clays  of  the  Ackerman  Rhamnus  marginatus. 

formation  of  the  Wilcox  group.     The  outcrop  lUiamnus  marginatus  apiculatus. 

is  probably  less  than  100  feet  above  the  base  Terminalia  hilgaidiana. 

-  *  "^  TenDinalia  lesieyana. 

of  the  Wilcox,  as  the  contact  with  the  Sucar- 

noochee  clay  of  the  underlying  Midway  group  Of  these  31  species  only  the  following  10  are 

is  only  about  1^  miles  to  the  east.     The  f ol-  peculiar   to   this   outcrop:  Asplenium  hurley- 

lowing  species  occur  at  this  outcrop,    which  ensis,  Asimina  leiocarpa,  Bumdia  hurleyenais, 

throughout  the  systematic  portion  of  my  work  Cordia  (?)  lowii,  Eugenia  Mlgardiana,  Fagpra 

is  referred  to  simply  as  '* Hurleys:"  hurley ensis,  GleditsiophyUum  hilgardianum,  Ly- 

.    ,    .      .     ,  godium    hinervatum,    Pisonia   chlorophyUoides, 

Asplemum  hurleyenaia.  j    tit  •      .  .     t  .  t^-#^ 

Aflimina  leiocarpa.  *^^  nhamnus  marginotv^  apiculatus.     Fifteen 

Bumelia  hurleyensLs.  species  are  common  to  Puryear,  1  additional  to 

Bumelia  paeudotenax.  Wickliff e,  and  1  additional  to  Boaz,  making  a 

Combretum  oyalifl.  ^.^tal  of  17  species  that  range  from  beds  near 

Dryophyllum  moorii-. 

Eugenia  hilgardiana.  POTTS  CAMP,  BENTON  COUNTY. 

Fagara  hurleyenflifl.  rm      .  i  •        i    i    •     -^r      i    n 

Ficus  monodon.  The  u'on  ores  that  occur  m  a  belt  m  Marshall, 

Ficus  ocddentalifl.  Benton,  and  Lafayette  coimties,  Miss.,  in  the 

Ficus  puryearenais.  lower  part  of  the  Wilcox  group  bear  an  inti- 

Ficus  schimpen.  mate  relation   to   the  palustrine   and  lagoon 

GleditsiophyUum  hileardianum.  i  .  -         ,      t»t«i  i.      •     i  j-x- 

Lygodium  biner^'atum.  character  of  early  Wilcox  physical  conditions. 

Magnolia  leei.  Ill  southern   Benton   County   these   ores   are 

Mespilodaphne  eolignitica.  worked  in  a  small  way  in  a  locahty  known  as  the 

Mimusops  eolignitica.  p^tts  Camp  district.^    They  occur  in  the  Acker- 

Myrcia  bentonensis.  -  ,.        xi_     i  x^  xi_     xi.         r 

Myrica  eteanoides.  °^*^  formation,  the  lowest  of  the  three  forma- 

Nectandra  lancifolia.  tions  into  which  the  Wilcox  group  of  Missis- 

Nectandra  pseudocoriacea.  sippi   is   divided.     The   general   character   of 

Oreodaphne  obtusifolia.  ^Yiese  beds  is  indicated  by  the  following  section 

Oreodapnne  puryearensifl.  . ,,  .  .       -i  .     p  a    i  •      T^i^ 

Osmantiiufl  pedatus.  ^^  ^he  cut  1  mile  east  of  Ackerman  m  Choctaw 

Pisonia  chlorophyUoides.  County,  as  given  by  Crider  and  Lowe: 

Section  of  Ackerman  formation  1  mile  east  of  Ackerman,  Miss. 

1.  Sandstone  and  sands  which  have  been  cemented  into  a  ferruginous  ma^s  capping  the  ridge;  in    Feet. 

places  this  sandstone  is  10  to  15  feet  thick 20 

2.  Yellow  stratified  sand 10 

3.  Bed  of  lignite,  which  is  not  continuous  but  changes  laterally  into  a  dark  lignitic  clay;  more  or 

less  sand  and  mica  throughout  the  ma.ss  of  lignite  and  lignitic  clay 5 

•   4.  Dark-blue  clay  weathering  to  gray 6J 

5.  Impure  lignite 1 

6.  Chocolate-colored  joint  clay 5 

7.  Thin  band  of  ferruginous  sandstone i 

8.  Dark-blue  clay,  similar  to  that  of  No.  4 4J 

9.  Laminated  dark  clay 6 

10.  Laminated  clay  ip  which  tliin  ferruginous  bands  alternate  with  soft  chocolate  clay 5 

11.  Gray  micaceous  joint  clay,  weathering  to  white 5 

In  the  Potts  Camp  area  extensive  exposures  beneath  which  is  a  10  to  20  inch  seam  of  car- 
are  lacking.  Reddish  sands  a  few  feet  in  thick-  bonate  or  spathic  iron,  underlain  by  an  unde- 
ness  overlie  a  15-inch  more  or  less  nodular  termined  thickness  of  clay.  This  ore  is  of 
seam  of  brown  oxide  ore,  which  was  probably  nearly  theoretic  purity  and  marks  a  horizon 
deposited  as  carbonate.  This  is  underlain  by  that  can  be  traced  for  several  miles  in  discon- 
about  40  feet  of  gray,  more  or  less  lignitic  clay,  tinuous  exposures.     It  bears  every  indication 

1  Lowe,  E.  N.,  Preliminary  report  on  the  iron  ores  of  Mississippi-  Mississippi  Geol.  Survey  Bull.  10, 1913. 
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of  having  been  nearly  if  not  entirely  continuous 
at  the  time  of  formation  and  furnishes  striking 
evidence  of  the  palustrine  character  of  the  early 
Wilcox,  the  low  surface  of  the  Wilcox  mainland, 
the  absence  of  terrigenous  materials  in  the 
Wilcox  lagoons  at  this  time,  and  the  highly 
ferruginous  character  of  the  run-off,  possibly 
derived  from  the  glauconite  of  the  Upper  Cre- 
taceous mainland  to  the  east. 

Iron  salts  in  the  presence  of  carbonic  acid  and 
certain  bacterial  organisms  are  converted  into 
ferrous  carbonate  and  deposited  directly  from 
solution.  The  ferric  hydroxide  formed  would 
be  reduced  to  ferrous  hydroxide  by  the  action 
of  the  decaying  organic  matter  and  the  carbon 
dioxide  freed  in  the  accompanying  reactions 
would  unite  with  the  ferrous  hydroxide,  form- 
ing the  normal  ferrous  carbonate. 


So  far  as  I  have  observed,  these  iron  carbon* 
ates  are  unfossiliferous,  and  they  lie  somewhat 
above  the  leaf-bearing  ferruginous  sandstone 
at  Hurleys. 

More  than  two  levels  are  developed  at  other 
localities,  and  these  levels  are  probably  not 
exactly  synchronous  throughout  northeastern 
Mississippi. 

SECTIONS  IN  TENNESSEE. 
GRAND  JUNCTION,  FAYETTE  COUNTY. 

The  beds  numbered  1  to  6  in  the  following 
section  were  measured  about  1  mile  south  of 
Grand  Junction,  Fayette  County,  Tenn.,  at  an 
elevation  of  about  570  feet  above  sea  level. 
The  rest  of  the  section  (beds  niunbered  7  to  9) 
is  taken  from  a  well  record  at  Grand  Junction 
given  by  L.  C.  Glenn.* 


Section  of  beds  of  Wilcox  age  near  Grand  Junction^  Fayette  County ^  Tenn. 

1.  Yellowish  loamy  stratified  sand  becoming  coarser  below,  in  places  purplish;  contains  a  few  Feet. 

ferruginous  sand-filled  "bombs " ;  thickens  to  the  east 2-15 

2.  Small  white  clay  lens 0-2 

3.  Buff  to  gray  stratified  sand 3 

4.  Gray  clay,  more  or  less  sandy  and  generally  thinly  laminated,  with  ferruginous  films  or  a  few 

thin  iron  crusts;  in  places  a  pure  hard  ringing  white  clay 15-20 

5.  Iron  crust  not  far  above  base  of  formation t>j-  ^ 

6.  Coarse  gray  to  brown  sand  similar  to  lower  part  of  bed  No.  1,  with  here  and  there  argillaceous 

bands  an  inch  or  two  in  thickness 5-  6 

7.  WTiite  sharp  sand 20 

8.  White  plastic  clay 2 

9.  Reddish  sand,  coarse  at  top  and  bottom  and  finer  in  the  middle,  penetrated 139 


Pinkish  ferruginous  leaf  impressions  are  dis- 
tributed throughout  bed  No.  4,  usually  between 
the  clay  lamina?,  and  are  as  a  rule  poorly  pre- 
served.    A  few  better-preserved  remains  have 


Brown  compact  sand  lO' 


^ij^fe^ ReworKed  gray  clay  l-V 

Cross-bedded  brownish  sand  with  much  angular 
pea  gravel  and  iron  crusts  5-lo' 


PI  aht^bea  ri  n  g"|^a  )r5Ja  Yzr" 


Gray  loose* sand 
•  .  '  •    •    •     . 


Transition  tocoarse  brown 
sand  with  some  reworked 
gray  clay 


FiQUSE  3.— Diagrammatic  section  of  Wilcox  deposits  near  Grand  Junction,  Tenn. 


furnished  the  following  determinable  species, 
among  which  Euonxjmus  splendent  in  all  sizes  is 
by  far  the  most  abundant  form : 

Cercis  wilcoxiana.  Grewiopsis  tennesseensis. 

Combretum  ovalis.  Oreodaphne  obtusifolia. 

Euonymus  splendens.       Terminalia  lesleyana  (?). 

About  100  feet  southeast  of  the  plant-bearing 
section  the  gullies  expose  the  section  shown  dia- 
grammaticaUy  in  figure  3. 


The  plant-bearing  clay  is  obviously  a  lens, 
since  it  thins  within  a  short  distance  both  to 
the  north  and  to  the  east.  There  is  a  gradual 
horizontal  transition  to  the  east  from  this  clay 

to  brownish  sand,  and  the  sands 
contain  transported  masses  of 
the  gray  clay,  indicating  two 
local  unconformities  at  different 
levels  in  the  beds  of  Wilcox  age. 
Some  geologists  consider  these 
reworked  clays  as  proof  that 
the  upper  part  of  the  section 
represents  a  thin  stratum  of  the 
socalled  Lafayette  lying  un- 
conformably  upon  the  Wilcox. 
Those  who  are  disposed  to  accept  this  interpre- 
tation are  confronted  in  the  preceding  section 
by  two  Lafayette  formations  separated  from 
each  other  by  an  unconformity  fully  as  marked 
as  that  at  the  base. 


»  Glenn,  L.  C,  Underground  waters  of  Tennessee  and  Kentucky  west 
of  Tennessee  River  and  of  an  adjacent  area  In  Illinois:  U.  8.  Oeol.  Sur* 
vey  Water-Supply  Paper  164,  p.  79, 1906. 
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A.  FOSSrUFEROUS  LAMINATED  CLAY  OF  THE  UPPER 
(GRENADA)  FORMATION  OF  THE  WILCOX  GROUP 
AT    GRENADA,    MISS. 
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LA   GRANGE,  FAYETTE   COUNTY. 

The  uplands  of  both  sides  of  Wolf  River  in  southern  Fayette  County  are  all  extensively 
gullied  and  show  very  similar  sections.  Inunediately  south  of  the  town  of  La  Grange  (see  PL 
YLj  B)  the  following  section  is  exposed: 

Section  of  beds  of  Wilcox  age  south  oj  La  Grange,  Tenn. 

Feet. 

1.  Soft,  loose  light-yellow  to  light-gray  sands,  cross-bedded 15-18 

2.  Layer  of  soil,  dark  with  organic  matter  (lignitic  sand) 1 

3.  Massive  bed  of  brick-red  sand,  case-hardened:  shows  very  even  top  but  very  irregular  lower 

surface  and  rests  unconformably  on  the  underlying  sand 4-15 

4.  Soft  cross-bedded  sands,  mostly  fine  but  in  places  coarse,  of  light  colors,  such  as  nearly 

whito,  light  yellow,  faint  pink,  and  faint  purplish,  containing  a  few  thin  crusts  and  small 
rounded  or  short  tubular  concretions  of  sand  ironstone  in  places.  Near  the  top  there  is 
a  clay  lens  of  irregular  shape  8  or  10  feet  in  maximum  thickness 100 


The  lower  part  of  the  section  was  included 
by  McGee  in  the  so-called  Lafayette  formation, 
which  throughout  northern  Mississippi  and 
western  Tennessee  he  considered  as  usually  tri- 
partite, the  upper  division  being  massive  case- 
hardened  loamy  brick-red  sand  and  the  middle 
and  lower  divisions  being  softer  brighter-colored 
sand,  commonly  carrying  clay  lenses  or  beds 
containing  impressions  of  leaves.  He  would 
place  the  lower  100  feet  of  the  above  section 
in  the  middle  and  lower  divisions  of  the  La- 
fayette and  regard  the  entire  Lafayette  at  La 
Grange  as  200  feet  or  more  in  thickness. 

Glenn  *  considered  that  beds  Nos.  1  and  2 
represent  the  Columbia,  No.  3  the  Lafayette, 
and  No.  4  the  Wilcox.  In  my  judgment  only 
Wilcox  materials  are  present.  This  was  the 
type  locality  of  Safford's  Lagrange  formation, 
and  his  early  collections  contained  the  follow- 
ing plants:  Banlcsui  saffordii  (Lesquereux) 
Berry,  Rhamnus  marginatus  Lesquereux,  Ter- 
minalia  hUgardiana  (Lesquereux)  Berry,  and 
Zizyphus  meigsn  (Lesquereux)  Berfj.  I  am 
able  to  add  Euonymus  splendens  Berry  as  a 
result  of  my  visit.  Impressions  of  leaves  are 
as  a  rule  scattered  and  poor. 

About  one-fourth  of  a  mile  west  of  the  town 
sand  is  quarried  from  a  large  open  pit  that  well 
illustrates  the  extreme  lateral  variation  of  the 
materials  of  Wilcox  age.  Orange  sand;  iron 
crusts ;  drab,  somewhat  lignitic  sands  (Glenn's 
'*old  soil  layer");  and  pinkish  sandy  clay  with 
leaf  impressions  occur  at  all  levels  and  replace 
each  other  within  short  intervals.  Just  west  of 
the  sand  pit  I  obtained  the  following  section: 

Section  of  beds  about  one-fourth  mile  ivest  of  La  Grange ,  Tenn. 

Feet. 

1.  Brownish  sand  grading  into  next  member 20 

2.  Gray  sand 5-8 

3.  Yellow  ferruginous  argillaceous  sand 10 

4.  Gray  sandy  clay;  about 10 


1  Glenn,  L.  C,  op.  cit.,  p.  36. 


In  some .  of  these  sections  between  Grand 
Junction  and  La  Grange  the  gray  sandy  clay 
(of  Wilcox  age)  constitutes  the  upper  member 
and  is  imderlain  by  the  coarse,  cross-bedded, 
and  case-hardened  brown  sands  (so-called  La- 
fayette). In  other  sections  these  sands  lie  at 
the  top  and  reach  a  maximum  observed  thick- 
ness of  25  to  30  feet.  I  fail  to  find  any  evi- 
dence in  Fayette  or  Hardeman  counties  of  an 
interval  of  erosion  commensurate  with  the 
supposed  interval  representing  the  time  inter- 
vening between  the  lower  Eocene  and  the 
Pliocene.  In  fact  there  is  no  evidence  of  ero- 
sion except  the  fancied  evidence  common  to 
all  shallow-water  deposits  of  this  sort  where 
clay  lenses  of  different  sizes  are  inclosed  in 
sands  of  varying  lithology  and  bedding. 

About  halfway  between  Grand  Junction  and 
La  Grange,  Tenn.,  near  the  eastern  border  of 
Fayette  Coimty,  1^  miles  west  of  Grand  Junc- 
tion, a  southerly  sloping  hillside  immediately 
south  of  the  pubUc  road  is  incised  with  old 
gullies,  now  almost  entirely  covered  by  a  growth 
of  scrub.  The  section  is  not  well  exposed  but 
probably  does  not  differ  materially  from  the 
section  at  La  Grange.  In  a  small  stream  chan- 
nel a  brownish-drab  laminated  plastic  clay 
carrying  well-preserved  impressions  of"  leaves 
is  exposed  at  intervals  from  10  to  20  feet  below 
the  level  of  the  road.  This  same  clay  lens  ap- 
parently extends  upward  to  about  8  feet  above 
the  level  of  the  road  and  is  overlain  by  2  to 
3  feet  of  brownish  or  reddish  sandy  loam. 
L.  C.  Glenn  made  a  collection  here  in  1905  and 
I  made  several  collections  in  1910  and  1913. 
The  forms  identified  from  these  collections  are : 

Anacardites  serratus. 
Aristolochia  wilcoxiana. 
Banisteria  wilcoxiana. 
Banksia  saffordii. 
Csenomyces  annulata. 
Csenomyces  cassise. 
Caasia  emarginata. 
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Caseda  eolignitica. 
Caasia  fayettensis. 
Cassia  glenni. 
Cassia  marshallensis. 
Cassia  mississi  ppiepsia. 
Cassia  tennesseensiB. 
Celafitnis  eolignitica. 
Combretanthites  eocenica. 
Euonymufi  splendens. 
Euphorbiophyllum  fayettensiB. 
Laurophyllum  flonim. 
lAurophyllum  preflorum. 
Melastomites  americanus. 
Mespilodaphne  peeudoglauca. 
Mlmosites  inequilateralis. 
Mimosites  lanceolatus. 
Mimofiites  variabilis. 
Myrda  bentonensis. 
Myrica  ekeanoides. 
Sophora  palseolobifolia. 
Sophora  wilcoziana. 
Taxodium  sp. 
Zizyphus  meigsii. 

PINSON,    MADISON   COUNTY. 

The  following  section  was  measured  at  the 
pits  of  the  Pinson  Pottery  Co.,  on  Bear  Creek, 
near  Pinson,  Madison  County,  Tenn.,  at  an 
elevation  between  350  and  400  feet  above  sea 
level: 

Section  at  pits  of  Pinson  Pottery  Co.,  on  Bear  Creek,  near 

Pinson,  Madison  County,  Tenn. 

Feet. 

1.  Reddish  loam 1-  2 

2.  Gray  to  orange  sand  with  some  thin  clay  lamime 

and  numerous  ferruginous  pipes 12 

3.  Light-orange  to  brownish    coarse   cross-bedded 

sand  with  some  fine  gravel 10-12 

4.  Thin  iron  crusts iV-  4 

5.  Gray,  finely  sandy  clay  becoming  brownish  be- 

low; contains  scattered  lignitic  fragments  and 
poorly  preserved  leaves  at  some  levels 18-20 

There  are  no  well  records  at  Pinson  or  other 
means  for  determining  the  distance  of  the 
plant-bearing  horizon  above  the  base  of  the 
beds  of  Wilcox  age,  except  the  unreliable  evi- 
dence of  the  probable  dip  of  the  upper  surface 
of  the  Porters  Creek  clay  (of  Midway  age), 
which  outcrops  a  few  miles  east  of  Pinson. 
The  deep  well  at  Jackson,  which  starts  at 
nearly  the  same  level  as  the  top  of  the  Pinson 
section,  is  of  interest  in  this  connection,  since 
it  is  only  3  or  4  miles  farther  from  the  eastern 
margin  of  the  beds  of  Wilcox  age.  According 
to  Glenn  ^  it  furnished  the  followmgr  section. 


The  geologic  names  used  in  brackets,  however, 
are  my  own  interpretation  of  the  formational 
units  to  which  the  beds  belong. 

Log  of  deep  well  at  Jackson,  Tenn. 

p^ilcox  group]:  Feet. 

Sandy  red  clay  (Lafayette) 12 

Tough  blue  clay 16 

Coarse  white  sand 12 

Tough  white  clay 6 

White  sand  Mrith  small  gravel  and  iron  crusts 60 

Light  varicolored  clay 43 

Soft  forruginous  sandstone  (base  of  Lagrange) 11 

[Portere  Creek  clay]: 

Lead-colored  fine  clay  (Porters  Creek) 170 

Hard  dark  rock  (limestone?)  (base  of  Portezs  Creek)  5 

[Ripley  formation]: 

White  water-bearing  sand 13 

White,  very  micaceous  quicksand 28 

[Selma?  chalk]: 

Dark  lead-colored  laminated  clay  and  lignitic  mi- 
caceous pyritiferous  sand 29 

[Eutaw?  formation]: 

Material  similar  to  foregoing,  with  shark  teeth 

at  4 18  feet 43 

Light  water-bearing  sands 77 

If  correctly  interpreted,  this  section  shows 
a  thickness  of  about  160  feet  of  beds  of  Wilcox 
age  at  Jackson,  so  that  at  the  Pinson  pit  their 
thickness  must  be  between  100  and  150  feet. 
This  would  make  the  horizon  at  which  the  fos- 
sil plants  are  found  within  100  feet  of  the  base 
of  the  beds  of  Wilcox  age  in  this  latitude, 
probably  a  maximum  estimate.  These  plant 
remains  are  neither  common  nor  well  preserved, 
being  more  macerated  than  most  of  the  mate- 
rial from  the  leaf-bearing  horizons  in  the  Wil- 
cox. The  foDowing  species  have  been  identified 
from  this  locality: 

Csesalpinia  wilcoxiana. 
Csesalpinites  pinsonensis. 
Chrysophyllum  ficifolia. 
Paliunis  pinsonensis. 
Saballtes  grayanus. 
Taxodium  dubium. 

This  meager  flora  is  of  interest  because  three 
of  the  species  have  not  been  found  at  other 
Wilcox  outcrops  where  the  flora  is  much  more 
representatively  preserved,  although  as  the 
stratigraphy  is  interpreted  by  me,  the  base  of 
the  beds  of  Wilcox  age  at  Pinson  lies  in  the 
abundantly  leaf-bearing  zone  of  the  Holly 
Springs  sand  or  middle  Wilcox  of  northern 
Mississippi. 


1  OleuD,  L.  C,  op.  cit.,  p.  98, 1906. 
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HENRY  COUNTY.  tion  of  the  Paleozoic  cherts  to  the  eastward. 

These  clay  lenses  are  numerous  and  range  from 

Henry  County  lies  on  the  divide  between  the  ^  j ^^^  ^^  ^^^  ^^  thickness  and  an  acre  or  less 

Tennessee  and  the  Mississippi  drainage  basms.  ^j,  ^^^  ^^  ^eds  20  feet  thick  that  cover  5  to 

A  little  more  than  ite  western  half  is  underlam  ^^  ^^^^     j^  ^^^^^^^  ^^^^  ^^^^^  ^^  ^llip^i. 

by  the  beds  of  WUcox  age,  which  are  chiefly  ^j  ^  horizontal  outlme,  with  their  long  axes 

white  or  gray  siliceous  clays.     Probably  more  approximately  parallel  to   the  Wilcox  shore 

clays  are  worked  m  this  county  than  anywhere  ]^^^  ^  interpreted  by  the  writer.     Scattered 

else  m  the  Wilcox  area.     The  best  pits  are  close  leaf  impressions  are  not  rare  in  these  clays,  but 

to  the  eastern  edge  of  the  outcrop  of  the  beds  desirable  specimens  are  scarce.    Carbonaceous 

of  Wilcox  age  and  near  the  towns  of  Puryear,  ^j^yg  ^^^^  ^^  ^^j^^^  j^^^l^^  but  no  extensive 

Whiilock,  Paris,  and  Henry.     The  basal  strata  ^^^  ^f  ^^^^^  ^^^^  observed.     Only  a  few . 

of  Wilcox  age  m  this  area  consist  largely  of  sections  will  be  given  to  illustrate  the  mate- 

sands  with  lenses  of  gray  or  white  clay  contam-  ^^  ^^  the  criteria  they  offer  for  determinmg 

mg  more  or  less  silica  in  the  form  of  rock  the  conditions  of  sedimentation, 
flour,  probably  derived  from  the  disintegra- 

Section  at  pit  2\  miles  south  of  Puryear,  Tenn.,  worked  by  Mandle-Sant  Co. 

Feet. 

1.  Brown  loam  with  scattered  pebbles 6 

2.  Gravel  bed  of  angular  chert  and  rounded  quartz  pebbles  as  much  as  3  inches  In  diameter 

with  semi-indurated  ferruginous  bands  an  inch  or  two  thick  toward  the  top 4 

3.  Coarse  or  fine  gray  or  brown  compact  sand  with  iron  crusts  at  the  top;  about 10 

4.  Laminated  pinkish  and  buff  ferruginous  sandy  clay 10-25 

5.  Lens  of  black  to  gray  plastic  clay,  in  places  massive  and  elsewhere  laminated  and  somewhat 

sandy,  with  scattered  carbonaceous  impressions  of  leaves 0-15 

6.  Gray  clay,  exposed 5 

The  upper  9  or  10  feet  is"  probably  Pleisto-  Recent  sections  of  some  of  our  meandering 

cene,  although  I  suppose  it  would  be  called  Coastal  Plain  rivers  that  I  have  seen.     Beds 

Lafayette  by  some  geologists.     No  identifiable  Nos.  3,  4,  5,  and  6  are  of  Wilcox  age. 

plants  were  collected  at  this  outcrop,  but  the  About  one-fourth  of  a  mile  south  of  the  depot 

section  is  interesting,  as  the  lens  of  carbona-  at  Puryear  (elevation  612  feet)  and  inomedi- 

ceous  clay  shown  in  cross  section  on  the  west  ately  west  of  the  Nashville,  Chattanooga  &  St. 

wall  of  this  extensive  opening  obviously  repre-  Louis  Railway  is  a  clay  pit  of  remarkable  sci- 

sents  a  section   across  an  estuary  bayou  or  entific  interest.     The  section   exposed  is  not 

oxbow  of  Wilcox  age.     In  its  general  features  extensive,  but  it  shows  the  following  sequence 

it  is  very  similar  to  a  number  of  Pleistocene  or  of  materials.     (See  PI.  IV,  A,  p.  38.) 

Section  at  Puryear,  Tenn. 

Feet. 

1.  Yellowish  coarse  argillaceous  sand  with  a  few  pebbles 2-  8 

2.  )JVTiite  to  brown  chert  and  flint  gravel  with  scattered  angular  bowlders  of  sandstone,  the 

largest  2  or  3  feet  in  diameter,  and  some  well-rounded  quartz  pebbles 0-  6 

3.  Gray  or  buff,  faintly  stratified,  and  in  places  sandy  hard  clay  that  dries  nearly  white 10-15 

4.  Flat  bench,  plastic  brown  siliceous,  thinly  laminated  clay,  with  abundant  plant  remains; 

dries  nearly  white 5-8 

5.  Buff  plastic  clay  carrying  numerous  leaves  of  Sahalitea  grayanus:  about 15 

6.  Coarse  white  sand,  exposed  in  borings. 

Beds  Nos.  1  and  2  are  probably  of  Pleisto-  itself.     Beds  Nos.  3,  4,  5,  and  6  are  of  Wilcox 

cene    (so-called    Lafayette)    age.     The   whole  age. 

day  lens  probably  covers  5  or  6  acres,  but  only  This  is  the  most  remarkable  leaf-bearing  clay 

about  one-sixth  has  been  stripped.     It  would  that  I  have  ever  seen  at  any  geologic  horizon. 

be  interesting  to  determine  whether   the  leaf-  The  f ossiliferous  layers  are  practically  without 

bearing  layers  are  as  extensive  as    the   lens  sand  and  must  have  been  deposited  in  very 
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quiet  waters.  They  are  crowded  with  leaves 
that  lie  horizontally,  but  not  in  matted  layers. 
There  is  no  evidence  of  seasonal  accumulations 
such  as  occur  in  supposedly  similar  situations 
at  the  present  time,  but  an  evenly  distributed 
succession  of  an  unusual  variety  of  forms,  some 
of  them  of  large  size  and  only  a  few  with  their 
petioles  broken  or  acuminate  forms  with  their 
tips  missing.  The  plants  must  have  grown 
near  at  hand,  for  they  could  not  have  with- 
stood much  transportation.  Indeed  most  of 
the  forms  are  evidently  coastal  types. 

I  picture  the  Wilcox  conditions  here  as  an 
area  at  the  mouth  of  a  Wilcox  stream  of  low 
gradient,  carrying  only  the  finest  sediment,  that 
emptied  into  a  lagoon  lined  on  the  landward 
side  by  a  sand  beach  supporting  a  typical  sub- 
tropical strand  vegetation  and  separated  by  a 
considerable  barrier  beach  from  the  main  body 
of  embayment  waters.  That  it  was  not  an 
estuary  or  bayou  seems  to  be  indicated  by  the 
lack  of  carbonaceous  muds  and  the  presence  of 
a  few  gypsum  crystals.  The  contact  with  the 
underlying  beds  of  Midway  age  can  not  be  far 
below  the  base  of  the  section,  because  beds  of 
that  age  outcrop  a  few  miles  to  the  eastward. 
Driven  wells,  which  obtain  abundant  water  at 
depths  of  100  to  115  feet,  must  tap  the  basal 
sands  of  Wilcox  age.  Though  this  flora  is 
within  100  feet  of  the  beds  of  Midway  age  in 
this  latitude,  and  practically  the  lowest  horizon 
with  respect  to  the  adjacent  shore  line  of  what 
I  regard  as  the  Wilcox  embayment  at  which 
fossil  plants  have  been  found,  it  by  no  means 
follows  that  it  is  near  the  base  of  the  Wilcox 
group  as  a  whole  or  as  compared  with  locali- 
ties to  the  south. 

The  Wilcox  transgression  may  have  been 
relatively  rapid,  but  I  would  not  expect  depo- 
sition to  have  as  yet  conmienced  in  northern 
Tennessee  during  the  time  of  the  deposition  of 
the  Nanafolia  formation  of  the  Alabama  sec- 
tion. Certainly  the  flora  found  at  Puryear  and 
farther  northward  at  Wickliffe,  Ky.,  contains 
some  elements  not  found  in  the  Holly  Springs 
sand  (middle  Wilcox)  at  localities  in  northern 
Mississippi  and  in  contemporaneous  beds  in 
southern  Tennessee,  and  some  of  these  ele- 
ments may  be  legitimately  considered  as  later, 
since  they  resemble  forms  from  the  flora  of  the 
Yegua  or  '^Cockfield  "  Claiborne.  A  list  of  the 
Wilcox  species  identified  in  the  Puryear  col- 
lections follows: 


Anacardites  metopifolia. 
Anacardites  minor. 
Anacardites  falcatUB. 
Anacardites  grevilleafolia. 
Anacardites  puryearensis. 
Aneimia  eocenica. 
Anona  ampla. 
Anona  eolignitica. 
Anona  wilcoxiana. 
Antholithus  arundites. 
Apocynophyllum  eapindifolium. 
Apocynophyllum  tabellarum. 
Apocynophyllum  wilcoxense. 
Arthrotaxis  (?)  eolignitica. 
Artocarpoides  \idlcoxensi8. 
Avicennia  eocenica. 
Banisteria  fructuosa. 
Banisteria  paeudolaurifolia. 
Banisteria  repandifolia. 
Banksia  puryearensis. 
Banksia  saffordi. 
Banksia  tenuifolia. 
Bombacites  formosus. 
Bombacites  wilcoxianus. 
Bumelia  pseudohorrida. 
Bumelia  wilcoxiana. 
Caesalpinia  wilcoxiana. 
Csesalpinites  aculeatafolia. 
Calycites  davillaformis. 
Calyptranthes  eocenica. 
Canavalia  acuminata. 
Canavalia  eocenica. 
Capparis  eocenica. 
Carapa  eolignitica. 
Carpolithus  dictyolomoides. 
Carpolithus  henryensis. 
Carpolithus  hyoseritiformis. 
Carpolithus  prangosoidos. 
Carpolithus  proteoides. 
Carpolithus  purj^earensis. 
Cassia  eolignitica. 
Cassia  fayettensis. 
Cassia  glenni  major. 
Cassia  odoratifolia. 
Cassia  puryearensis. 
Cedrela  puryearensb. 
Cedrela  wilcoxiana. 
Chrysobalanus  eocenica. 
Clirysobalanus  insequalis. 
Cinnamomum  oblongatum. 
Cinnamomum  vera. 
Citrophyllum  wilcoxianum. 
Coccolobis  eolignitica. 
Coccolobis  uviferafolia. 
Combretum  obovalis. 
Combretum  wilcoxonsis. 
Conocarpus  eoligniticus. 
Cordia  eocenica. 

Crotonophyllum  appendiculatum. 
Crotonophyllum  eocenicum. 
Cupanites  eoligniticus. 
Dalbergia  eocenica. 
Dalbeigia  monospermoides. 
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Dalbeigia  tenneeseeDsis. 
Dalbeigia  wllcoxiana. 
Dillenites  tetracerafolia. 
Dioepyroe  brachysepala. 
Dioepyroe  wilcoxiana. 
Dodon^ea  knowltoni. 
Dryophyllum  anomaluin. 
Dryophyllum  puryearensis. 
Dryophyllum  tennesseensis. 
Drypetes  prekeyensis. 
Echitoniiim  lanceolatum. 
Engelhardtia  ettingBhausenl. 
Engelhardtia  puryearensis. 
Eugenia  puryearensis. 
Euonymus  splendens. 
Fagara  eocenica. 
Fagara  puryearensis. 
Ficus  monodon. 
Ficus  planicostata  maxima. 
Ficus  pseudolmediafolia. 
Ficus  pseudopopulus. 
Ficus  pseudocuspidata. 
Ficus  piuyearensis. 
Ficus  piuyearensis  elongata. 
Ficus  schimperi. 
Ficus  vaughani. 
Ficus  wilcoxensis. 
Fraxinus  johnstnipi. 
FraxLnus  wilcoxiana. 
Gleditsiophyllum  constrictum. 
Gleditsiophyllum  ellipticum. 
Gleditsiophyllimi  eocenicum. 
Gleditaiophyllum  minor. 
Gleditsiophyllum  ovatum. 
Guettarda  elUpticifolia. 
Hinea  wilcoxiana. 
Icacorea  prepaniculata. 
Inga  piuyearensis. 
Juglans  schimperi. 
Knightiophyllum  wilcoxianum. 
Laguncularia  preracemosa. 
Laurophyllum  juvenalis. 
Leguminosites  prefoliatus. 
Leguminosites  reniformis. 
Leguminositee  subovatus. 
Magnolia  angustifolia. 
Magnolia  leei. 
Maytenus  puryearensis. 
Melastomites  americanus. 
Mespilodaphne  coushatta. 
Mespilodaphne  elegans. 
Mespilodaphne  eolignitica. 
Mespilodaphne  peeudoglauca. 
Mespilodaphne  puryearensis. 
Metopium  wilcoxianum. 
Mimodtes  acadafolius. 
Mimdeites  variabilis. 
MimusopB  eolignitica. 
MimusopB  siebenfolia. 
Myrcia  bentonensis. 
Myrcia  parvifolia. 
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Myrcia  puryearensis. 
Myrcia  vera. 
Myrcia  wortheniL 
Nectandra  landfolia. 
Nectandra  pseudocoriacea. 
Nectandra  puryearensis. 
Nectandra  sp. 
Nyssa  eolignitica. 
Nyssa  wilcoxiana. 
Oreodaphne  obtusifolia. 
Oreodaphne  pseudoguianensb. 
Oreodaphne  puryearensis. 
Oreodaphne  wilcoxensis. 
Oreopanax  minor. 
Osmanthus  pedatus. 
Paraengelhardtia  eocenica. 
Persea  longipetiolatum. 
Pisonia  eolignitica. 
Pisonia  puryearensis. 
Pithecolobium  eocenicum. 
Proteoides  wilcoxensis. 
Pseudolmedia  eocenica. 
Psychotria  grandifolia. 
Beynosla  prsenuntia. 
Beynosia  wilcoxiana. 
Khamnus  eoligniticus. 
Rhamnus  marginatus. 
Rhamnus  puryearensis. 
Sabalites  grayanus. 
Sapindus  eoligniticus. 
Sapindus  formosus. 
Sapindus  knowltoni. 
Sapindus  linearifolius. 
Sapindus  mississippiensis. 
Sapindus  pseudaffinis. 
Sideroxylon  ellipticus. 
Sideroxylon  premastichodendron. 
Simaniba  eocenica. 
Sophora  henryensis. 
Sophora  mucronata. 
Sophora  puryearensis. 
Sophora  repandifolia. 
Sophora  wilcoxiana. 
Sterculia  puryearensis. 
Sterculiocarpus  sezannelloides. 
Terminalia  hilgardiana. 
Terminalia  lesleyana. 
Temstroemitee  eoligniticus. 
Temstroemites  lanceolatus. 
Temstroemites  ovatus. 
Temstroemites  preclaibomensis. 
Trapa  wilcoxensis. 
Vantanea  wilcoxiana. 
Zizyphus  falcatus. 
ZizyphuB  meigsii. 

The  list  includes  181  species,  an  almost  un- 
precedented number  from  a  single  horizon  at  a 
single  locality,  and  moreover  most  of  these 
species  are  represented  by  numerous  specimens. 
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There  is  only  1  species  of  fern  (Aneimia),  1 
gymnosperm  (Arthrotaxis  ?)  and  .1  monocoty- 
ledon, a  palm  (Sabalites),  which  is,  however, 
very  abundant  in  the  basal  part  of  the  section. 
Among  the  176  species  of  dicotyledons  the  most 
abundant  genus  is  Ficus  with  1 0  species.  There 
are  27  species  of  Leguminosae,  the  largest 
genera  being  Sophora  and  Gleditsiophyllum, 
each  with  5  species,  and  Dalbergia  and  Cassia, 
each  with  4  species.  In  individual  abundance 
species  of  Sophora  and  Gleditsiophyllum  out- 
number all  the  other  Leguminosce.  The  family 
Lauraceas  has  17  species,  4  in  Nectandra,  4  in 
Oreodaphne,  and  5  in  Mespilodaphne.  Oreo- 
daphne  ohtusifolia  is  the  most  abundant  laura- 
ceous  form.  There  are  8  species  of  Sapindacese 
and  6  species  each  of  Anacardiacese,  Sapotacece, 


Myrtaceee,  Rhamnaceae,  and  CombretacesB.  Of 
the  Ackerman  or  lower  Wilcox  flora,  as  repre- 
sented by  the  31  species  identified  from  Hurleys, 
15  are  found  at  Puryear.  The  Holly  Springs 
or  middle  Wilcox  flora  of  northern  Mississippi, 
as  represented  by  the  localities  from  Oxford, 
Miss.,  northward  to  Grand  Junction,  Tenn.,  has 
37  species  common  to  Puryear;  the  latest  known 
Wilcox  flora  (that  from  the  Grenada  formation) , 
represented  by  the  63  species  from  Grenada, 
Miss.,  has  32  forms  common  to  Puryear.  The 
relative  abundance  and  botanic  character  of 
these  conmion  species  show  clearly  that  the 
base  of  the  beds  of  Wilcox  age  in  northern 
Tennessee  is  of  the  same  age  as  or  is  slightly 
younger  than  the  Holly  Springs  sand  or  middle 
Wilcox  of  northern  Mississippi. 


Section  at  Breedlove  pit,  1  mile  southwest  of  Henry,  Tenn, 

Feet. 

1.  Alternating  beds  of  brown  and  white  argillaceous  sand 8-10 

2.  White  sand 2-  4 

3.  Cross-bedded  ferruginous  sand  with  some  iron  crusts  at  base 4-  5 

4.  Lens  of  gray  plastic  clay  with  faint  impressions  of  leaves;  exposed  (in  places  shown  by  boring 

to  be  16  feet  thick) 4-10 

5.  Coarse  gray  quartz  sand  at  east  end  of  pit;  exposed 4 


The  whole  section  is  probably  of  Wilcox  age. 
The  leaf  remains  are  complete  but  very  faint, 
since  the  leaf  substance  has  neither  been  pre- 
served nor  replaced  nor  even  stained  by  ulmic 
or  ferric  precipitates.  Their  condition  suggests 
that  scattered  leaves  may  have  been  present 
throughout  many  of  these  gray  clays  of  Wilcox 
age  and  have  failed  to  leave  tangible  evidence 
of  their  former  presence. 

The  following  species  were  identified  from 
bed  No.  4  at  this  outcrop: 

Dryophyllum  tennesseensis. 
Nectandra  lancifolia. 
Sabalites  grayanus. 

SECTIONS  IN  KENTUCKY. 

MAYFIELD,    GRAVES    COUNTY. 

About  3i  miles  southwest  of  Mayfield,  be- 
tween the  Illinois  Central  Railroad  and  May- 
field  Creek,  in  Graves  County,  Ky.,  are  the 
extensive  clay  pits  of  the  Kentucky  Con- 
struction &  Improvement  Co.  The  section  ex- 
posed is  as  follows: 

Section  of  clay  pits  S^  miles  southwest  of  Mayfield^  Ky. 

Feet. 

1.  Buff  to  reddish  sandy  loam.  1 4-8 

2.  Buff  gravel 5-10 

3.  Light-buff  cross-bedded  sand 8-10 

4.  Black  compact,  somewhat  argillaceous  lignite 3-12 

5.  Drab  plastic  clay  with  four  very  carbonaceous  lay- 

ers; about 22 

6.  Light  plastic,  somewhat  sandy  clay;  exposed. . . .        6 


This  is  an  exceedingly  interesting  section,  but 
it  is  difficult  to  correlate  in  the  absence  of  fossil 
plants.  There  is  a  great  variety  of  macerated 
plant  dfibris  in  the  section,  but  I  found  no  iden- 
tifiable remains.  I  was  told  on  good  authority 
that  at  times  in  small  areas  of  certain  layers  of 
bed  No.  5  the  workmen  uncovered  leaf  impres- 
sions, but  unfortunately  none  were  exposed  at 
the  time  of  my  visit  and  no  specimens  had  ever 
been  saved.  This  section  was  studied  by  Glenn 
in  1905,  but  not  described,  although  he  gives  a 
photograph  of  it.^  He  refers  the  upper  part  to 
the  Columbia,  the  middle  part  to  the  Lafayette, 
and  the  basal  part  to  the  Wilcox.  I  see  no 
reason  to  doubt  the  Wilcox  age  of  beds  Nos.  4 
to  6.  Beds  Nos.  1  and  2  are  undoubtedly  of 
Pleistocene  age.  Bed  No.  3  is  unconformable 
with  both  the  underlying  and  overlying  beds. 
It  is  hthologically  hke  so  many  light-colored 
cross-bedded  sands  throughout  the  Wilcox  area 
that  have  been  called  Lafayette  that  I  am  in- 
clined to  refer  it  to  the  Wilcox. 

At  the  town  of  Mayfield  (elevation  480  feet) 
a  well  furnishes  additional  data  bearing  on  this 
section.     The  driller's  record  is  as  follows:  * 


Record  of  well  at  Mayfield,  Ky. 


Feet. 


Claylike  loess 12 

Orange  sand  and  gravel 278 

Thin  parting  of  pipe  clay. 

White  water-bearing  sand 60 


1  Glenn,  L.  C,  op.  cit.,  pi.  1,B, 


s  Idem,  p.  136. 
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Apparently  there  is  no  trace  of  the  lignitic 
materials  and  clay  lenses  of  the  preceding 
section,  which  is  less  than  4  miles  distant. 
These  clay  lenses  shed  an  interesting  light  on 
the  local  conditions  of  sedimentation  during 
Wilcox  time  and  show  that  after  a  considerable 
thickness  of  littoral  sands  were  deposited  the 
waters  became  wholly  or  partly  ponded,  form- 
ing a  lagoon  where  clays  were  deposited. 
Swamp  vegetation  characterized  the  upward 
fluctuation  of  level  and  is  marked  by  the  car- 
bonaceous beds  of  the  section,  which  show  five 
slight  upward  movements  separated  by  five 
slight  subsidences  and  followed  by  a  sixth  up- 
ward movement,  marking  a  retransgression  of 
littoral  sands.  The  area  has  been  above  water 
since  early  Eocene  time,  except  for  the  Pleisto- 
cene depressions,  and  has  been  greatly  eroded. 


WICKLIFFE,  BALLARD  COUNTT. 

Fossil  plants  were  discovered  at  Wickliffe 
by  R.  H.  Loughridge,  and  in  his  report  on  the 
Jackson's  Purchase  region,  pubUshed  in  1888, 
12  species  were  recorded  on  the  authority  of 
Lesquereux.  The  geology  was  discussed  ^t 
considerable  length.  The  plants  occur  in  a 
clay  stone  in  low  exposures  in  branch  bottoms 
in  the  southern  part  of  the  town,  and  the  sec- 
tion is  so  thin  that  it  has  no  significance  in  the 
present  connection.  The  cuts  along  the  Illi- 
nois Central  Railroad,  however,  furnish  more 
extensive  exposures  of  deposits  of  Wilcox  age 
in  this  region.  In  the  east  side  of  the  cut 
that  is  south  of  the  town  and  immediately 
north  of  milepost  371-59  the  following  section 
is  exposed: 


Section  of  beds  exposed  in  Illinois  Central  Railroad  cut  near  Wickliffe^  Ky. 

Feet. 

1.  Heavy  gravel  of  all  sizes,  prevailingly  coarse,  pebbles  averaging  1  inch  in  diameter,  in  matrix 

of  coarse  ferruginous  sand  carrying  a  few  bowlders,  the  whole  more  or  lees  lithified;  about.      10 

2.  Fine  to  coarse  yellowish  or  reddish  ferruginous  sand,  the  upper  3  feet  forming  a  lens  of  fine 

and  very  argillaceous  sand,  underlain  by  buckshot  sand  more  or  less  lithifiedinto  sandstone 

bowlders 8-13 

Iron  crusts  and  water-bearing  horizon.  ' 

3.  Gray  plastic  clay  with  scattered  lignite 12 

4.  Compact  brown  argillaceous  lignite  with  scattered  and  mostly  undeterminable  plant  remains; 

Leguminosites  iviekliffensis  Berry  occurs  at  this  level;  about 4 

5.  Concealed  to  track  level 7 

Basal  beds  pass  horizontally  into  reddish-stained  gray  clay  and  from  that  into  a  fine,  almost 

white  loose  sand. 


One  hundred  yards  north  of  the  preceding 
section  the  following  section  is  exposed: 


Section  100  yards  north  of  preceding  section. 


Feet. 


1.  Mostly  concealed,  probably  entirely  loamy  loess; 

about 25 

2.  Gravel  and  sand  as  in  preceding  section;  about.. .  20 

3.  Bed  of  argillaceous  lignite;  about 4 

4.  Clay  or  sand 8 

5.  Lignite  bed  of  preceding  section ;  about 4 

6.  Clay  or  sand;  about 10 

Loughridge  *  discussed  sections  in  this  same 
ridge  which  were  situated  somewhat  west  of 
those  just  given.  At  that  time  the  railroad 
ran  along  the  river  bank,  which  is  now  much 
washed  and  overgrown.  The  new  right  of  way 
skirts  the  eastern  instead  of  the  western  edge 
of  the  ridge.  Glenn  ^  gives  well  records  (quoted 
from  drillers'  recollections)  from  which  it  ap- 

1  Lom^hridge,  R.  H.,  Report  on  the  geological  and  economic  features  of 
the  Jackson's  purchase  region:  Kentucky  Geol.  Survey,  pp.  47,  48,  233, 
1888. 

*U.  8.  Geol.  Survey  Water-Supply  Paper  164,  pp.  125-126, 1906. 


pears  that  the  beds  of  Wilcox  age  are  about 
430  feet  thick  at  Wickliffe.  Their  upper  sur- 
face is  about  1,050  feet  above  the  crystalline 
floor  of  the  embayment. 

The  Ugnite  beds  are  doubtless  to  be  corre- 
lated with  those  exposed  near  Mayfield,  Ky. 
According  to  Loughridge*  they  occur  7  miles 
east  of  Wickliffe,  at  Blandville,  and  on  Pan- 
ther Creek,  6  miles  east  of  Mayfield,  which 
indicates  the  extensive  oscillations  of  level  at 
the  head  of  the  embayment  during  the  early 
Eocene. 

From  the  collections  made  from  the  low 
exposure  of  clay  stone  I  have  determined  the 
following  species: 

Anacarditee  metopifolia. 
Banisteria  pseudolaurifolia. 
Banisteria  wilcoxiana. 
Banksia  saffordi. 
Banksia  tenuifolia. 
Carapa  eolignitica. 

»0p.  cit.,  p.  42. 
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Cassia  fayettenaifl.  ledonous  leaves  and  of  a  fan  palm  (presum- 

Caasia  glenm.  j^y^  Sabdlites  grayanus  Lesquereux)  as  well  as 

Cupanitee  eoligniticufl.  '^^^  TOOthts  (rhizomorphs) . 

Cupanitee  loughridgii.  Farther  to  the  north  along  the  west  escarp- 

Dryophyllum  moorii.  ment  of  the  ridge  in  Clay  County,  about  4  miles 

Dryophyllum  puryearenms.  southwest    of    Boydsville,    a    small    exposure, 

Dryophylluin  tenneaBeenflis.  ^^^^    ^^^^^  g  f^^^  i^  thickness  and  10  to  15  feet 

Engelhardtia  etUngshauBeni.  •      V     •        x  i         ^     x                            ^  i       i         •i 

Exoetema  pseudocariteum.  "^  honzontal  extent    oosura   on  the  heavily 

Ficus  denveriana.  wooded  slope  at  the  head  of  a  branch  that  is 

Ficufl  myrtifoliufl.  usually  dry.    This  outcrop  was  discovered  by 

FicuB  wilcoxenaia.  L.  W.  Stephenson  and  visited  by  me  in  1910. 

J^^^*^®.°^-  The  materials  are  stratified  and  more  or  less 

j^]J^  s^^peri.  indurated,  medium  fine  gray  sands  somewhat 

Mespilodaphne  pseudoglauca.  stained  with  iron.     Impressions  of  leaves  are 

Mimoeites  variabilis.  common,  but  the  variety  of  forms  is  not  great. 

Sapindus  eoligniticus.  The  following  species  have  been  determined  : 

Sapindus  formosus. 

Sapindus  linearifolius.  Aneimia  eocenica. 

Sapindus  missiasippiensis.  Apocynophyllum  tabellarum. 

Banksia  tenulfolia. 

These  species  indicate  a  stratigraphic  posi-  Dryophyllum  tenneeseensia. 

tion  at  about  the  boundary  between  the  Holly  Picus  denveriana. 

Springs  sand  or  middle  Wilcox  and  the  Grenada  Nectandra  lowu. 

formation  or  upper  Wilcox  of  the  northern  Nectandra  peeudocoriacea. 

-,.     ..      .        ^.*          Ti^iT'i        /                 V  Sabalites  grayanus. 

Mississippi  section,  or  shghtly  higher  (younger),  Sapindus  Unearifolius. 

SECTIONS  IN  ABKANSAS.  These  forms  in  conjunction  with  the  similar 

._  leaf-bearing  materials  from  Hardys  Mills  eff ect- 

CROWLETS    RIDOE,    CLAY,    GREENE,    AND    POIN-  „           ,^,  ^ ,,       ,^.,                        .  ^, '^                 ,   , 

SETT  COUNTIES.  ually  settle  the  Wilcox  age  of  these  sandstones 

of  Crowleys  Ridge.     Though  the  flora  found 

The  age  of  the  hght  quartzitic  sandstone  along  Crowleys  Ridge  is  too  limited  for  exact 

which  outcrops  as  a  series  of  ledges  at  so  many  correlation  within  the  Wilcox  it  falls  in  the  up- 

points   along    the   western   side   of   Crowleys  per  mstead  of  the  lower  half  of  the  group. 

Ridge,  in  northeastern  Arkansas,  has  been  a  The  southernmost  locality  on  Crowleys  Ridge 

puzzle  to  geologists  since  the  days  of  Owen,  at  which  the  Wilcox  has  been  identified  paleo- 

who  in  his  first  report  compared  them  with  the  botanically  lies  on  the  west  side  of  the  ridge 

Potsdam  of  the  early  Paleozoic.     Many  sec-  along   Bolivar   Creek,    the   main    aflluent    of 

tions  are  given  by  R.  E.  Call  in  his  report  on  L^Anguille  River.    This  section  is  discussed  at 

Crowleys  Ridge,*  where  they  are  correctly  re-  length  in  CaU's  report.'    The  following  section 

ferred  to  the  Eocene.    He  collected  a  few  leaves  taken  by  Stephenson  *  in  1912  is  not  composite 

from  one  of  these  outcrops  in  1889  at  Hardys  Uke  that  described  by  Call: 

MUl,  near  GainesvUle  in  Greene  County. '     I  ^  ,.          r>  ,.      ,,    ,    ^  , 

,             ,    ,          •       1  xt      ^  n       •        0             *             1  .  Sectum  on  Bolivar  Creek,  Ark. 

have  determined  the  lollowmg  forms  from  this 

locaUtv:  Pleistocene  (loesB):                                                            Feet. 

^ '  1.  Loam,  probably  creep  from  a  higher  level, 

Anona  ampla.  brownish  color i 

Aralia  notata.  Pliocene  (?)  (Lafayette  formation): 

Asplenium  eolignitica.  2.  Gravel,  probably  creep  from  a  higher  level. .     4 

Cinnamomum  poetnewberryi.  Eocene  ((Claiborne  (?)  formation ) : 

Ficus  eolignitica.  3.  Weathered  brown  fine  argillaceous  sand 3 

Ficus  vaughani.  4    pjj^^  light-gray,  faintly  laminated  argillaceous 

Mespilodaphne  cousliatta.  esind                                                                  11 

At  the  classic  locality  on  the  Lane  place,  S-  Fine  light-gray  massive  sand 4  J 

described  origmaJly  by  Owen  and  subsequently  ^-  ^^^J^^T^^^^^           argUlaceous,  faintly 

by  Call,  the  fragments  of  the  quartzite  in  the  7.  Dark^orore(l,^veiy" 'fi^ 

bed  of  the  gully  contain  fragments  of  dicoty-  sand 4 

» Arkansas  Oeol.  Survey  Ann.  Kept,  for  1889,  vol.  2, 1801.  "Call,  R.  E.,  The  geology  of  Crowleys  Ridge:  Arkansas  Oeol.  Survey 

"Idem,  pp.  95, 90.  Ann.  Rept.  for  1889,  vol.  2,  pp.  8(V-S3, 1J$91. 

*  Stephenson,  L.  W.,  unpublished  report. 
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Eocene  (Wilcox  group):  Feet,     upper  part  of  the  section.     From  bed  No.  4 

8.  Dark-brown  to  black  lignite 5      Stephenson  collected  the  following  plants : 

9.  Brown  argillaceous  lignitic  sand 1 

10.  Dark  chocolate-colored  tough  clay,  lignitic  in  Ficus  peeudolmediafoUa. 

upper  portion;  in  places  in  the  upper  2  feet  Juglans  schimperi. 

contains  numerous  poorly  preserved  ligni-  Palseodendron  americanum.  . 

tized  leaves  and  impressions  of  leaves 3  Sapindus  missiasippiensis. 

11 .  Very  tough ,  light  greenish-gray  clay 2  Sophora  wilcoxiana. 

The  lignitic  bed  (No.  8)  and  beds  Nos.  10  Although  the  material  is  very  poor,  several 

and  11  are  somewhat  irregukrly  bedded  and  ^f  ^^o  identifications  are  satisfactory,  and  as 

differ  m  thickness  along  the  bluff.     In  places  ^^^^  ^j  ^y^^  j^^^^  ^^^  ^^^  ^bove  the  Wilcox 

the  upper  hgnitic  portion  of  bed  No  10  becomes  -^  ^^^^^  reasonably  certain  that  this  is  the  age 

a  bed  of  true  lignite  1  to  2  feet  thick.    A  few  ^^  ^j^^  j^^^^     ^^  ^^  ^^^  ^^^^^^     Th^  ^     -^^ 

ligmtized  logs  and  fragmental  remams  of  hgm-    y^^^  ^^^^^^    represents  a  local  emergence,  and 

tized  stumps  were  seen  in  this  layer.  i.  j    xr      o  i.  ^r  i.      /  r«i    u      T 

r^  11 1  jj  11  i-xi-        beds  Nos.  3  to  7  may  be  of  Claiborne  age. 

Call  *    recorded    several   large   upright    lig- 

nitized  trunks  with  radiating  roots  in  beds  benton    saline  county. 

Nos.  9  and  10.     A  specimen  of  siUcified  wood 

from  this  locality  (not  in  place,  probably  from  Several  interesting  but  generally  poor  sec- 
bed  No.  2)  was  identified  by  Knowlton  ^  as  tions  are  exposed  in  the  vicinity  of  Benton, 
Laurinoxylon    hrannerij    a    species    originally  Sahne  County,  Ark. 

based  on  more  complete  material  from  the  About  one-half  mile  northwest  of  the  town 
upper  Claiborne  or  lower  Jackson  of  St.  along  the  mihtary  road  a  local  working  (known 
Francis  County,  but  it  has  no  weight  in  corre-  as  the  McDonald  pit  in  1910)  shows  the  fol- 
iation, since  it  was  obviously  reworked  in  the  lowing  section : 

Section  at  McDonald  pit^  about  one-half  mile  northwest  of  Benton^  Ark. 

Feet. 

1.  Heavy  gravel 0-8 

2.  Stratified,  brick-red,  case-hardened,  coarse  sand  or  fine  gravel,  with  undulating  upper  and 

lower  surface 0-5 

3.  Thinly  laminated  gray  sandy  clay,  with  red  and  yellow  mottling,  current  bedded  and  con- 

taining thin  layers  of  gravel 0-6 

4.  Plastic  gray  to  brownish,  heavily  bedded  clay 2-6 

5.  Slightly  ferruginous  sharp  gray  sand 4-6 

Mr.  W.  H.  McDonald,  who  is  in  charge  of  the  a  few  feet  of  brownish  sandy  clay  grading* 

Grovemment  experiment  farm  across  the  road,  upward  into  grayish  and  pinkish  clays.     The 

says  that  borings   show  several   feet  of  sand  brown  clays  are  packed  with  poorly  preserved 

bdow  the  level  of  bed  No.  5,  followed  by  shell  leaves,   and  some  of  the  material  occm^  in 

fragments,  which  seems  to  indicate  the  presence  matted  layers.     The  most  abundant  form  is 

of  fossiliferous  Midway  deposits  at  no  great  -4rfocar/m«;mn^cn«  (Lesquereux),  in  addition  to 

distance  below  the  surface,  since  fossiUferous  which  the  following  species  have  been  identi- 

Midway  occurs  a  few  miles  to  the  west.     No  fied:  Cassia    bentonensis    Berry,     Oreodaphne 

determinable  plant  remains  were  found  at  this  salinensis  Berry,  and  Sabalites  gray  anus  Les- 

outcrop.  quereux. 

A  small  exposure  on  the  property  of  the  About  half  a  mile  north  of  the  preceding  out- 
Eagle  Pottery  Co.,  one-half  mile  west  of  the  crop,  at  the  Leech  place,  on  the  Pine  Bluff  road^ 
preceding  section,  shows  just  south  of  the  road  the  following  section  is  exposed: 

Section  at  Leech  place^  near  Benton,  Ark. 

Feet. 

1.  Reddish,  fine  stratified  sand,  becoming  gradually  buff  toward  the  base 6-8 

2.  Massive  brown  plastic  clay  with  disseminated  bits  of  lignite  but  no  leaf  impressions;  exposed . .       6 

The  old  Henderson  pit,  from  which  fossil  worked  in  recent  years  and  is  much  masked 
plants  were  collected  by  the  Arkansas  Geological  by  slumping.  It  is  somewhat  less  than  half 
Survey  a  score  of  years  ago,   has  not  been    a   mile   northwest    of   Benton    on    the    Pine 

«  CaU,  R.  E.,  The  geMogy  of  Crowley's  Ridge:  Arkaosas  GeoiT^      ^^^^    ^^^^'      "^^    following  SCCtioU  is  OXpOScd 
vey  AnxL  Rept.  for  1889,  vol.  2,  pp.  tiOSi,  1881.  there : 

'Idem,  p.  256. 
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Section  at  Henderson  pit,  one-half  mile  northwest  of  Benton,  Arl. 


Feet. 


1.  Brownish  loam  carrying  coarse  gravel 1-3 

2.  Very  irregularly  bedded,  brick-red,  case-hardened  sand,  with  clay  lamime,  grading  into  No.  3.  4-8 

3.  Gray  to  buff,  very  argillaceous  sand  or  arenaceous  clay,  in  places  grading  into  No.  4 4-8 

4.  Massively  bedded,  bluish  to  brown  plastic  clay  with  numerous  leaf  impressions;  exposed 4 


This  locality  is  on  the  strike  a  short  distance 
north  of  the  section  from  the  McDonald  pit  de- 
scribed on  page  53.  Bed  No.  4  has  yielded  the 
following  plants: 

Apocynophyllum  constrlctum. 
Apocynophyllum  sapindifolium. 
Caesalpinites  bentonensis. 
Cassia  bentonensis. 
Cassia  fayettensis. 
Chamsedorea  danai. 
Engelhard  tia  ettingshauseni. 
Myrcia  bentonensis. 
Nectandra  pseudocoriacea. 
Oreodaphne  salinensis. 
Oreopanax  oxfordensis. 
Sabalites  grayanus. 
Sapindus  bentonensis. 
Sapindus  knowltoni. 

Compared  with  the  eastern  Gulf  area  the 
flora  from  Benton  contains  5  species  of  un- 
known position,  2  species  that  range  from  the 
base  to  the  top  of  the  Wilcox,  1  species  con- 
fined to  the  Ackerman  formation  or  lower  Wil- 
cox, 2  species  confined  to  the  Holly  Springs 
sand  or  middle  Wilcox,  4  species  confined  to 
the  Holly  Springs  sand  and  Grenada  formation 
or  upper  Wilcox,  and  1  species  confined  to  the 
Grenada  formation.  It  is  therefore  not  older 
than  the  loaf-bearing  outcrops  of  Henry  Coimty, 
Tenn.,  which  are  m  turn  slightly  younger  than 
those  of  the  Holly  Spruigs  sand  or  middle  Wil- 
cox of  northern  Mississippi. 

MALVERN,    HOT   SPRING   COUNTY. 

Fossil  plants  were  collected  by  the  Arkansas 
Geological  Survey  a  score  of  years  ago  from  the 
Atchison  clay  pit,  about  half  a  mile  east  of  the 
St.  Louis,  Iron  Moxmtain  &  Southern  Railway, 
between  Perla  and  Malvern  in  Hot  Spring 
Coimty. 

In  this  part  of  the  State  the  clay  lenses  of 
the  Wilcox  are  small  and  are  embedded  in  the 
sands.  They  make  the  cores  of  the  small  hills. 
When  one  is  worked  out  another  is  opened,  so 
that  the  original  locaUty  was  not  exposed  at 
the  time  of  my  visit.  The  workings  in  1910 
showed  the  following  section: 

Section  at  Atchison  clay  pit  near  Malvern,  Ark. 

Feet. 

1.  Gray  to  drab,  somewhat   sandy  clay,   becoming 

brownish  and  lignitic  at  the  base 0-6 

2.  Buff  to  gray  plastic  clay 2-8 

3.  Gray  to  buff  sand 0-5 


Unidentifiable  leaf  fragments  occur  near  the 
base  of  bed  No.  1.  The  old  collections,  not 
previously  studied,  have  furnished  specimens 
of  Oreodaphne  salinensis  Berry  and  Sophora 
wilcoxiana  Berry. 

OUACHrTA   COUNTY. 

Owen,^  in  his  second  report,  gives  special 
attention  to  the  ligni  e  of  the  Camden  Coal 
Mining  Co.  in  Ouachita  County  (sec.  12,  T. 
12  S.,  R.  18  W.).  He  gives  the  foUowmg 
section: 

Section  at  mine  of  Camden  Coal  Mining  Co.,  Otuuhita 

County,  Ark.  y^^ 

Sand  and  ferruginous  sandstone 20-30 

Ash-colored  clay 6-  7 

Lignite 6 

Pipe  clay  with  segregations  of  limonite. 

Light-gray  sandy  clay,  somewhat  ferruginous 10-18 

Harris,^  who  revisited  this  locality,  records 
the  following  section  exposed  at  the  time  of 
his  visit: 

Section  at  mine  of  Camden  Coal  Mining  Co.,  Ouachita 

County,  Ark. 

Arenaceous  materials,  poorly  exposed.  Feet 

Light-pinkish  clay 6 

White  sand 6 

Bluish  clay 8 

Lignite 6 

The  lignite  is  reported  to  be  without  sand 
or  clay  and  evidently  represents  an  interval  of 
emergence.  Impressions  of  leaves  are  said  to 
occur  in  the  vicinity  (sec.  14,  T.  12  S.,  R.  18 
W.)  in  a  sandy  ferruginous  indurated  matrix, 
but  I  have  seen  nothing  identifiable  from  this 
r^ion,  either  in  the  field  or  in  the  National 
Museum  collections. 

SECTIONS  IN  LOTTISIANA. 
SHREVEPORT,    CADDO   PARISH. 

A  section  at  Slaughter  Pen  Bluff,  near 
Shreveport,  La.,  has  been  discussed  by  John- 
son,* Lerch,*  Vaughan,*  Veatch,*  and  Harris.' 

1  Owen,  D.  D.,  Second  report  of  a  (^logical  reconnaissance  of  the 
middle  and  southern  counties  of  Arkansas,  pp.  128-133, 1800. 

t  Harris,  O.  D.,  Arkansas  Geol.  Surv'^ey  Ann.  Kept,  for  1J)92,  vol.  2* 
p.  65,  1894. 

*  Johnson,  L.  C,  Report  on  the  iron  regions  of  northern  Louisiana 
and  eastern  Texas:  H.  Ex.  Doc.  No.  195, 50th  Caag.,  1st  sess.,  p.  18, 1888. 

*  Lerch,  Otto,  Louisiana  Exper.  Sta.  Bull.,  1892. 

»  Vaughan,  T.  W.,  Am.  Geologist,  vol.  15,  p.  205, 1895. 

*  Veatch,  A.  C,  Louisiana  Geol.  Survey  Rept.  for  1899,  p.  196, 190a 
7  Harris,  0.  D.,  U.  8.  OeoL  Survey  BulL  429, 1910. 
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Johnson  referred  it  to  HUgard's  '^  Mansfield  and  also  Harris  were  inclined  to  consider  it 

series"     (Wilcox    formation);    Lerch    to    his  "Lower  Claiborne";   but  recently  Harris  has 

"Lower  Lignitic,"  which  is  partly  Wilcox  and  considered  it  as  Wilcox,  which  is  undoubtedly 

partly    Claiborne    (St.    Maurice    formation);  its  correct  age.     (See  PL  V,  A,  p.  39.)     The 

Vaughan  referred  it  to  the  "Lignitic";  Veatch  section  is  as  follows: 

Section  at  Slaughter  Pen  Bluffs  Skreveport,  La, 

Feet 

1.  ReddiBh  loam,  grading  down  into  yellowish  argillaceous  and  somewhat  calcareous  sand 8 

2.  Buff  sandy  clay  with  a  few  small  bivalves  (Leda,  Mactra,  and  the  like)  and  scattered  leaf 

impressions 5 

3.  Laminated  brown  clay  and  buff  sand  with  ferruginous  concretions  toward  the  top 10 

4.  Dark  lignitic  clay 2 

5.  Lignite 2 

6.  Gray  and  buff  laminated  sands  and  thin  laminae  of  bluish  clay  with  a  few  leaf  impressions  and 

more  or  less  comminuted  vegetable  matter,  exposed  about 17 

Few  fossil  plants  occur  in  this  section,  and  The  Johnson  collections  from  Cross  Bayou 

these  as  a  rule  are  poorly  preserved,  as  seems  came  from  an  old  quarry  known  as  CampbeUs 

to  be  the  case  with  all  the  remains  of  this  sort  quarry.     The  matrix  is   a  well-lithified  gray 

around  Cross  Bayou.     A  small  collection  made  sandstone.     These  forms  were  tentatively  de- 

by  Veatch  was  reported  on  by  HoUick  *  in  1900.  termined    by   Lesquereux    and    their    critical 

I  visited  this  and  neighboring  outcrops  in  1911,  revision  furnishes  the  following  list  of  species: 

but  saw  no  fossils  worth  collecting.     I  have  Ficus  denveriana. 

had  access  to  the  original  collections  made  by  Ficus  harriaiana. 

Johnson    and    determined    by    Lesquereux,^  Hicoria  antiquorum. 

which  are  now  in  the  United  States  National  MespUodaphne  pseudoglauca. 

Museum,  as  weU  as  the  Harris  and  Veatch  col-  SraS^nurclX^f'* 

lection,  preserved  at  the  New  York  Botanical  Sapindu8^orm^8.' 

Garden.  Terminalia  hilgardiana. 

The  foUowing  is  a  revised  hst  of  the  species        ^  ^^^^^  ^^^^  sandstone  is  exposed  in  a 

from  this  outcrop:  ^^^  ^f  ^^^  g-^^^^  ^^^^  Southern  Railway  1 

Cinnamomum  postnewberryi.  mUe  west  of  Shreveport  and  only  a  short  dis- 

Cyperites  sp.  ^^^^    g^^^j^    ^j    q^^^^    Bayou.     It    contains 
Ficus  plamcostata  maxmia.  ,.  ,         ,.         ,.i  i.i 

jl^^  gp  much  fragmentary  leaf  material,  among  which 

Poacit^ep.  Sapindus    mississippiensis    Berry    has    been 

Vineyard   Bluff,   about  half   a   mile   above    recognized. 

Slaughter  Pen  Bluff  to   the  west    on   Cross  coushatta,  red  river  parish. 
Bayou,  is  an  outcrop  similar  m  nthology  and 

stratigraphic  position.     A  collection  of  fossil  Red  River  has  impinged  on  the  Eocene  beds 

plants  procured  from  this  outcrop  by  Harris  at  Coushatta,  where  they  are  exposed  in  low 

and  Veatch  is  now  at  the  New  York  Botanical  bluffs  along  the  left  (east)  bank  from  a  point 

Garden.     The  following  species  are  represented:  below  the  town  to  Coushatta  Bayou,  three- 

Artoc         1     ■  *  na  eighths  of  a  mile  above  the  town.     The  fol- 

Ginnamomum  postnewberryi.  lowing  section  is  taken  from  Veatch  and  rep- 

Ficus  harriaiana.  resents  the  condition  in  1898,  when  the  bidk 

Oreodaphne  obtusifolia.  of  the  fossil  plants  were  collected.     The  river 

Pteris  pseudopiniuBformis.  jg  rapidly  eroding  these  chffs,  and  they  are 

There  are  several  deep  wells  at  Shreveport  gaid  to  have  receded  about  one-fourth  of  a 

whose  records   are   incomplete,    though   they  ^Qq  between  Veatch's  visit  in  1898  and  my 

are   discussed   by  Harris   in  connection  with  ^igj^  in  1911.     The  section  exposed  at  present 

the  numerous  deep-well  records  from  the  near-  jg  substantially  that  as  quoted  below,  except 

by  Caddo  oil  field.     They  show  a  thickness  of  ^j^^t  the  iron  concretions  are  much  poorer  in 

Wilcox  sediments  in  northwestern  Louisiana  pj^nt  remains.     I  spUt  open  all  that  were  ex- 

of  about  450  feet.  posed  without  obtaining  anything  noteworthy. 

1  Sollick,  Arthur,  Louisiana  Geol.  Survey  Rept.  for  1899,  pp.  27&-288,      The  sectlOU  IS  aS  f  olloWS :  ^ 

pis.  32-48, 1900.  5 

•  L«sqaereux,  Leo,  U.  S.  Nat.  Mus.  Proc..  vol.  11,  pp.  24-25, 1888.  » Veatch,  A.  C,  op.  dt.,  p.  200. 
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Section  exposed  on  Red  River  near  Coushatta^  La. 

Feet. 

1.  Soil  grading  into  orange,  buff,  or  gray  sand,  stratified  and  more  or  leae  cross-bedded,  with  scatr 

tered  clay  pellets  and  laminee 20 

2.  Brown  laminated  clay  with  thin  gray  sand  partings,  becoming  nearly  black  below  and  con- 

taining poor  casts  of  Leda,  Nucula,  Lucina,  and  Venericardla  near  the  base 10 

3.  Brown  laminated  clay  with  two  or  three  courses  of  iron  concretions,  many  of  them  large  and 

containing  impressions  of  leaves 20 

4.  Black  laminated  clay  with  gypsum  crystals 6 

5.  Dark  sand  with  a  few  thin  layers  of  black  clay 3 

6.  Black  laminated  sandy  clay  with  gypsum  crystals,  exposed 3 

The  fossil  plants  come  from  bed  No.  3  and,  O.  B.  Hopkins,  L.  C.  Chapman,  and  E.  H. 
as  previously  stated,  were  not  abundant  at  Finch  from  a  lai^e  number  of  localities  within 
the  time  of  my  visit,  but  Veatch  made  some  a  few  miles  of  the  town  of  Naborton.  Accord- 
remarkably  fine  collections  from  these  con-  ing  to  these  geologists  the  plants  were  found 
cretions  in  1898,  which  are  preserved  at  the  in  the  upper  part  of  the  section  of  the  Wilcox 
New  York  Botanical  Garden.  These  wefe  of  western  Louisiana  and  their  determination 
reported  on  by  HoUick^  in  1900.  I  have  of  the  geologic  horizon  is  strikiugly  confirmed 
restudied  these  collections,  and  the  following  by  a  study  of  the  flora.  I  am  indebted  to 
is  a  revised  list  of  the  31  determinable  species:  Messrs.  Matson  and  Hopkins  for  the  following 

Apocynophyllum  sapindifolium.  composite  section : 

Artocarpus  dubia.  rv  •  . 

Artocarous  lessi^ana  Composite  section  of  Wilcox  formation  near  Naborton,  De 

Artocarpus  pungens.  *  ^""^  ^«'^'^'  ^' 

Gelastrus  taurinensis.  SeetloB  l  nUe  lovtbweit  of  Zion  HIU. 

Celastrus  veatchi.  ^**'- 

Cinnamomum  buchii.  ^and,  medium  grain,  varying  in  color  from  orange 

Comufl  studeri.  through  yeUow  to  gray 22 

Cryptocarya  eolignitica.                                              ^and,  medium  grain,  pure,  orange  colored 17 

Dillenites  microdentatus.  ^and,  same  as  below,  with  small  pebbles  of  light- 

Dillenites  ovatus.                                                            gray  shale 13 

Euonymus  splendens.                                                  Sand,  medium  grain,  pure,  orange  to  yellow 5 

Ficus  artocarpoides  (?).                                               Lignite  and  bone 1 

Ficus  denveriana.  ^^nA 10 

Ficus  schimperi.                                                          Cl*y»  "^^^ 2 

Fraxinus  johnstrupi.                                                    Sand 5 

Ilex  (?)  affinis.                                                             Shale,  arenaceous,  gray,  weathering  to  red  clay 7 

Inga  laurinafolia.  Sandstone,   concretionary,   forms  prominent  hard 

Juglans  berryi.                                                                  layers 1 

Juglans  schimperi.  Shale,  arenaceous  or  laminated  sandy  clay ;  weathers 

Magnolia  angustifolia.                                                       to  fine  sandy  sticky,  deep  red  clay 20 

Mespilodaphne  coushatta.  Concretionary  layer,  calcareous  sandy,  persistent..  1 

Mespilodaphne  eolignitica.  Shale,  arenaceous,  grading  upward  into  clay  and 

Nectandra  pseudocoriacea.  carbonaceous  clay  and  laminated  sandy  clay, 

Oreodaphne  coushatta.                                                   containing  fossil  leaves  at  top 24 

Oreodaphne  mississippiensis.  g^^^,,^  l  ^,  loutheart  of  Waborton. 
Oreodaphne  })6eudoguianensis. 

Persea  longipetiolatum.                                               Sandstone,  hard,  ferruginous,  with  fossil  leaves 1 

Rhamnus  coushatta.                                                    Clay,  stiff,  red,  granular 25 

Sapindus  coushatta.                                                      Lignite  and  carbonaceous  shale 2 

Terminalia  hilgardiana.                                               Shale,  arenaceous,  weathering  to  red  clay 10 

Shale,  gray,  arenaceous,  some  with  carbonaceous 

NABORTOX,   DE   SOTO  PARISH.                            layers  below 13 

__            .            .11,                      .       TV       o            Sand,  hard,  medium  grain,  yellow 8 

Extensive    oil    developments     m    De    Soto     Sandstone,  hard,  ferruginous 2 

Parish,  in  western  Louisiana,  begun  since  the  Shale,  arenaceous,  or  laminated  gray  clay,  with 

bulk   of   this   manuscript  was   prepared,   have        large  concretions  and  carbonaceous  below 15 

resulted  in  large  collections  of  fossil  plants.    Shale 2 

These  plants  were  collected  by  G.  C.  Matson,    Sandstone,  hard,  ferruginous. 2i 

f_ i_ '     Sandstone,    soft,    grading    into    arenaceous    shale 

1  HoUlck,  Arthur,  op.  cit.  below 9i 
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Feet. 

Shale,  dark  gray}  ^th  sandy  layers 6  ' 

Shale,  arenaceous,  gray 2 

Sandstone  and  shale,  ferruginous  pebbles  and  con- 
cretions   5 

Sandstone,  medium  grain,  soft,  yellow 3 

ghale,  sandy,  fine  grained,  gray 6 

Part  of  the  log  of  a  well  near  Faborton. 

Gumbo 18 

Sand  and  bowlders 4 

Gumbo 7 

Shale  and  rocks 123 

Shale,  gumbo,  and  rock 259 

Gumbo  and  bowlders 45 

Base  of  Wilcox  ( ?) .  

696 

The  top  of  the  Wilcox  is  not  shown  in  this 
section,  but  it  is  exposed,  and  the  overlying 
Claiborne  has  been  recognized  farther  south, 
near  Natchitoches.  The  whole  Wilcox  in  this 
vicinity  is  about  800  feet  thick,  and  the  fossil 
plants  around  Naborton  are  found  in  a  zone 
commencing  at  a  horizon  542  feet  above  the 
base  of  the  Wilcox  and  extending  about  120 
feet  upward. 

The  following  forms  have  been  identified: 

Anona  ampla. 
Anona  eolignitica. 
Anona  wilcoxiana. 
Apocynophyllum  tabellarum. 
Apocynophyllum  wilcoxense. 
Araceseites  friteli. 
Artocarpus  dubia. 
Artocarpus  pungens. 
Bombacites  wilcoxianus 
Cinnamomum  affine. 
Cinnamomum  oblongatum. 
Oonocarpus  eoligniticus. 
Comus  studeri. 
Cupanltes  eoligniticus. 
Dillenites  microdentatus. 
Dryophyllum  amplum. 
Dryophyllum  tennesseensis. 
Ficus  harrisiana. 
Ficus  neoplanicostata. 
Ficus  planicostata  maxima. 
Ficus  pseudopopuluB. 
Juglans  schimperi. 
Lygodium  binervatum. 
Magnolia  angustifolia. 
Meniphylloides  etdngshauseni. 
Menispermites  wilcoxensis. 
Mespilodaphne  x>seudog]auca. 
Nectandra  lancifolia. 
Nectandra  pseudocoriacea. 
Nectandra  puryearensiB. 
Nectandra  sp. 


Nyssa  wilcoxiana. 
Oreodaphne  couahatta. 
Oreodaphne  mississippiensis. 
Oreodaphne  obtusifolia. 
Persea  longipetiolatum. 
Pistia  wilcoxensis. 
Proteoides  wilcoxensis. 
Prunus  nabortensis. 
Pteris  pseudopinns&formis. 
Rhamnus  coushatta. 
Khamnus  eoligniticus. 
Sabalites  grayanus. 
Sapindus  formosus. 
Sapindus  linearifolius. 
Sophora  wilcoxiana. 
Sterculia  puryearensis. 
Sterculiocarpus  eocenicus. 
Terminalia  hilgardiana. 
Terminalia  lesleyana. 
Temstroemites  ovatus. 
Vantanea  wilcoxiana. 
Zamia  (?)  wilcoxensis. 

Fifty-three  species  are  enumerated  in  the 
foregoing  list.  Eight  are  peculiar  to  this  area 
and  three  range  from  the  base  to  the  summit  of 
the  Wilcox.  The  only  form  characteristic  of 
the  lower  Wilcox  is  the  doubtfully  determined 
Lygodium.  There  are  3  species  which  in  the 
eastern  Gulf  area  are  confined  to  the  lower 
and  middle  Wilcox,  16  which  are  confined  to 
the  middle  Wilcox,  and  12  which  are  confined 
to  the  upper  Wilcox.  It  is  obvious  that  the 
horizon  is  very  near  that  of  Puryear,  Tenn., 
namely,  at  the  top  of  the  middle  Wilcox. 
The  flora  shows  an  almost  entire  absence  of 
Leguminosse  and  a  surprising  number  of 
Lauracese. 

The  section  derives  its  chief  importance 
from  the  fact  that  the  stratigraphic  interpre- 
tation and  the  paleobotanic  evidence  corrob- 
orate each  other  in  showing  that  in  this  part 
of  the  western  Gulf  area  approximately  500 
feet  of  earlier  Wilcox  sediments  are  trans- 
gressed by  later  Wilcox  deposits,  thus  corrob- 
orating the  interpretation  of  the  geologic 
history  presented  elsewhere  (pp.  36-38). 

SECTIONS  IN  TEXAS. 
OLD  PORT  CADDO  LANDING,   HARRISON  COUNTY. 

The  following  section  at  Old  Port  Caddo 
Landing,  in  Harrison  County,  Tex.,  is  given 
by  Vaughan:* 

1  Vaughan,  T.  W.,  Am.  Geologist,  vol.  16,  pp.  304,  ;;05, 1885. 
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Section  at  Old  Port  Caddo  Landing ^  Harrison  County ^  Tex. 

Feet. 

1.  Irregularly  stratified  sands  and  clay;  about 10 

2.  Reddish,  more  or  less  cross-bedded  sands  with  limonitic  geodes  and  silicified  wood 50 

3.  Sands  with  bowlders  and  more  or  less  contorted  masses  of  clay 10-15 

4.  Interbedded  grayish  sands  and  bluish  clays  with  small  seam  of  lignite 55-60 

5.  Impure  lignite  bed^  commonly  replaced  by  iron  carbonate,  ironstone,  or  impure  limestone, 

and  containing  plant  remains 2 

6.  Thinly  laminated,  bluish  clay  and  sand;  exposed 13 

A  collection  was  made  by  Vaughan  from  bed  siderable  interest,  because  it  may   be   taken 

No.   5,   which  was   tentatively  identified  by  as  typical  of  the  Wilcox  in  the  western  Gulf 

Knowlton.^     His  list  has  already  been  repro-  region.    The  details  were  described  in   1902 

duced.    As  revised  in  the  light  of  the  present  by  Veatch.*    Leaf  remains  are  reported  from 

extensive  Wilcox  collections  it  furnishes  the  calcareous  concretions  just  below  Harts  Bluff 

following  forms:  on    the    Louisiana    bank.     A    short    distance 

Apocynophyllum  tabellarum  (?).  below   Hamilton   and   just    above   Chambers 

Asplenium  eolignitica.  Ferry  similar  materials  carry  leaf  impressions, 

Canna  eocenica.  and  a  small  amount  of  rather  poor  material 

Cinnamomum  affine.  ^^    collected.     This    was    deposited    at    the 

Drvo^rZm  m^^k  ^^"^  ^^^^  Botanical  Garden,  where  I  have 

Fic'us  planicostata  maxima.  Studied  it.     The  only  identifiable  forms  are 

Ficua  schimperi.  Grewiopsis    tennesseensis    Berry,    which    also 

Ficus  vaughani.  occurs  south  of  Grand  Junction,  Tenn.,  and 

Grewiopsis  tennesseensis.  Leguminosites?  arachioides  Lesquereux  of  the 

Meniphylloidee  ettingdmusem.  j^^^^^^   ^^^^    ^^^   ^^^^^^   formations    of    the 

Metopium  wilcoxianum.  -r*      i        -» r  •  •  mi 

Nectandra  lancifolia.  Rocky    Mountam    provmce.     The    section    as 

Nectandra  sp.  given  by  Veatch'  shows  a  bluff  about  125  feet 

Oreodaphne  obtuflifolia.  high,   the   upper   70  feet   of  which  was  con- 

Persea  longipetiolatum.  cealed.     The  lower  56  feet  consist  of  gray  and 

a  ai     grayunus.  light-vellow,  sUghtlv  cross-bedded  sands  carry- 

Terminalia  hilgardiana.  ,^.'^  y       &      j  j 

ing  large  calcareous  concretions  that  contam 

None  of  these  are  species  peculiar  to  the  scattered  fragments  and  more  or  less  distorted 

Ackerman  formation  or  lower  Wilcox  of  the  i^^^^g      ^his  outcrop  is  7  or  8  miles  along 

eastern  Gulf  region;  3  occur  m  the  Ackerman  ^^e  dip  above  Sabinetown,  where,  accordmg  to 

formation  and  the  Holly  Springs  sand;  2  are  Harris,  the  marine  fossils  indicate  the  Bashi 

known  only  from  the  Holly  Sprmgs  sand;  1  is  formation.     The  fossil  plants,  though  too  few 

found  in  the  Ackerman  formation  and  HoUy  f^^  ^^^^^^^  correlation,  indicate  a  horizon  not 

Sprmgs  sand  as  weU  as  mpost-Wilcox  deposits;  ^i^er  and  probably  younger  than  the  Holly 

1,  the  characteristic  MeniphyUoides  eUingshau-  Springs  sand  or  middle  WUcox  of  Mississippi. 
seniy  is  peculiar  to  the  Grenada  formation  or 

uppermost  Wilcox.     The  conclusion  is  inevit-  calaveras  creek,  wilsox  county. 

able  that  the  deposits  at  Port  Caddo  are  of        Alexander  Deussen   discovered   an  outcrop 

late  Wilcox  age.  containing  Wilcox  plants  on  Calaveras  Creek 

«.«x^r«  T,x,r««   o.«.^T«  r^^^^^r^^  about  500  yards  east  of  the  San  Antonio  & 

SABINE    RIVER,  SABINE    COUNTY.  .  t^  t>      i  •       ttti  i-i  x        m 

Aransas  Pass  Railway  m  Wuson  County,  Tex. 
The  section  of  the  Wilcox  strata  exposed    The  section  shows  the  followmg  sequence  of 
along  Sabine  River  from  the  vicinity  of  Rock    materials: 

Bluff   to   a  point  below  Sabinetown   is   of  con-         « Veatch,  a.  C,  The  geography  and  geology  of  the  Sablne  River,  La.: 

Louisiana  Geol.  Survey,  pt.  6,  pp.  107-127, 1902. 

» Vaughan,  T.  W.,  op.  cit.,  p.  308.  » Op.  cit.,  p.  123. 
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Section  on  Calaveras  Creek,  Tex. 

Pleistocene:  Fest. 

Yellow  loam 5 

Covered 4 

Deposits  regarded  by  the  author  as  belonging  to  the  Wilcox  group: 

Gravel 5 

Yellow  stratified  sand 4-10 

Compact  laminated,  brown  to  gray  clay  with  fossil  plants 0-  6 

The  small  clay  lens  at  the  base  of  the  section  parison  with  the  floras  of  the  Wilcox  of  the 

contains  much  comminuted  v^etable  matter  eastern  Gulf  area  it  may  be  noted  that  none  of 

and   rather  poorly  preserved   impressions   of  the  species  from  Calaveras  Creek  are  confined 

leaves,  among  which  the  following  are  recog-  to  the  Ackerman  formation  or  lower  Wilcox. 

nizable:  Three  species  are  confined  to  the  Ackerman 

^       ,.  ,  ^        ,«.  formation  and  Holly  Springs  sand;  1  to  the 

Bumelia  pseudotenax  (?).  tt  n     c?     •  i  i\.  x    xi_    tt  n     o     • 

Calycites  ostryaformis.  Holly  Sprmgs  sand;  and  6  to  the  Holly  Sprmgs 

Cassia  bentonensis.  sand  and  Grenada  formation.     It  seems  evi- 

Diospyros  brachysepala  (?).  dent  that  the  outcrop  is  of  about  the  same  age 

FicuB  vBughani.  gg  those  at  Benton  and  Malvern  in  Arkansas,  or 

^M     -1  j^  Z  ^°^  ®^^^^^°^-  somewhat  yoimger,  and  is  certainly  not  older 

Mespilodaphne  eohgmtiea.  ^        |    \  ,^ 

Rhamnites  berchemiaformis.  ^^^  }^f  HoUy  Sprmgs  sand  or  middle  Wilcox 

Sabalites  grayanus.  of  Mississippi.     This  conclusion  receives  con- 

Sapindus  bentonensis.  firmation   from   the   single   species   DiUenites 

Sapindus  linearifoUus.  texensis  Berry,  described  from  near  Pope  Bend 

Tenninalia  lesleyana  (?).  r^  ^       j-o*  -t^x  r\        j.  i_-i- 

^       ^  ^  on  Colorado  River  m  Bastrop  County,  which 

Of  these  12  species  2  are  new  and  therefore    occurs  elsewhere  only  at  the  top  of  the  Wilcox 

without  stratigraphic   significance.     In   com-    at  Grenada,  Miss. 
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CHARACTER  AND  ECOIjOGY. 
GOlCPOSmON  OF  THE  FLOBA. 

It  is  of  vital  importance  that  the  determina- 
tions made  in  the  present  study  rest  on  real 
and  not  fanciful  affinities,  for  the  conclusions 
presented  as  to  climatic  and  other  physical 
conditions  are  largely  dependent  on  the  cor- 
rectness of  the  identifications.  I  fully  realize 
that  the  statistics  given  imder  this  heading 
are  by  no  means  complete,  but  I  believe  that 
even  the  imperfect  survey  here  given  will  be 
of  value  not  only  to  paleobotanists  and  geolo- 
gists, but  to  botanists  and  others  interested  in 
the  history  and  the  geographic  distribution 
of  the  higher  plants.  The  problem  is  not 
so  intricate  or  so  insoluble  as  it  might  seem 
to  a  student  who  is  strongly  impressed  by 
the  thousands  of  living  and  extinct  genera- 
De  Candolle  estimated  that  the  living  flowering 
plants  included  about  250,000  species,  and  if 
to  this  number  be  added  the  herbaceous  species 
living  in  recent  geologic  times  the  nimiber 
would  be  enormously  increased.  The  ratio  of 
arborescent  to  herbaceous  types  was  much 
greater  in  the  Tertiary  period  than  it  is  now 
and  the  trees  were  probably  more  abundant 
and  varied  than  in  the  existing  flora.  They 
certainly  were  in  all  Tertiary  floras  outside  the 
Torrid  Zone,  as  is  shown  by  the  Eocene  floras 
of  North  America,  the  Miocene  floras  of  Europe, 
or,  to  cite  an  extreme  case,  the  Tertiary  floras 
of  the  Arctic  and  Antarctic  regions. 

Though  the  arborescent  flora  of  the  Tem- 
perate Zone  is  relatively  meager  the  number  of 
species  of  trees  increases  toward  the  Equator. 
Maryland  presents  a  cross  section  of  the  Coastal 
Plain,  Piedmont  Plateau,  and  Allegheny 
Mountains,  regions  which  exhibit  great  differ- 
ences in  cUmate,  topography,  and  soils,  and  is 
the  meeting  ground  for  plants  of  northern  and 
southern  range,  yet  it  contains  only  about  150 
species  of  trees.  On  the  other  hand,  Small's 
^' Trees  of  Florida''  (published  in  1913)  lists 
366  native  and  naturalized  arborescent  forms, 
and  if  Florida  exhibited  greater  variation  in 
altitude  the  number  would  be  much  larger. 
The  trees  of  the  Philippine  Islands,  where  the 
range  in  altitude  is  much  greater,  include  665 
native  species  and  many  additional  introduced 
forms,  or  more  than  10  per  cent  of  the  esti- 
mated total  number  of  species  of  flowering 
plants  in  the  Philippine  flora.     Even  remote 


oceanic  islands,  if  sufficiently  large  and  shel- 
tered by  topographic  features  from  the  adverse 
action  of  winds,  have  a  large  arborescent  flora. 
Thus  the  Hawaiian  Islands  have  225  native 
species  of  trees,  distributed  among  45  families, 
those  having  the  greater  number  of  species 
being  the  RutacesB  (32  species),  Rubiacesd  (31 
species),  Campanulaceae  (15  species),  Aralia- 
cesd  (14  species),  Pittosporacese  (12  species), 
PalmacesB  (11  species),  Myrsinacead  (11  species), 
and  MalvacefiB  (10  species).* 

Reorders  collected  700  species  of  trees  in  the 
Celebes  during  a  visit  of  four  months.  He  also 
says  that  he  has  specimens  of  about  1,200 
arborescent  species  indigenous  to  the  island  of 
Java,  or  about  25  per  cent  of  the  total  num- 
ber of  flowering  plants  in  the  flora  of  that 
island.  In  an  area  of  only  3  square  kilometers 
on  the  small  island  of  Kambangan,  off  the 
Javan  coast.  Reorders  collected  600  species  of 
trees  that  illustrate  not  only  the  wonderful 
abundance  of  arborescent  forms  in  the  Tropics 
but  the  manner  in  which  unrelated  species  are 
mixed,  so  that  pure  stands,  such  as  we  see  in 
the  coniferous  forests  of  the  Temperate  Zone 
and  also  in  part  in  the  deciduous  forests,  are 
imknown  in  those  regions. 

The  general  physical  conditions  of  a  remote 
geologic  epoch  may  be  more  or  less  completely 
deduced  from  the  character  of  the  sediments. 
The  approximate  run-off  from  the  land  and 
consequently  the  attitude  of  the  land  and  the 
probable  rainfall,  as  well  as  any  periodicity  in 
these  conditions,  are  all  reflected  in  the  sedi- 
ments. Work  like  that  of  Vaughan'  on  the 
deposits  of  the  Florida  keys  or  that  of  Drew  • 
on  the  part  played  by  denitrifying  bacteria  in 
the  formation  of  Umestones  enable  a  careful 
paleobotanist  to  determine  in  a  measiu-e  the 
character  of  the  flora  that  clothed  the  marginal 
lands.  In  work  on  deposits  that  teem  with 
the  remains  of  marine  life,  as  do  many  of  the 
Tertiary  formations  of  southeastern  North 
America,  it  is  possible  to  arrive  at  very  close 
approximations  of  the  temperatures  of  the 
coastal  waters.  It  may  be  safely  assumed  that 
boreal  or  temperate  floras  did  not  flourish  in 
proximity  to  tropical  marine  faunas  and  that 
plants  reflected  their  environment  in  the  past 
as  in  the  present. 

1  Rock,  J.  F.,  The  indigenous  trees  of  the  Hawaiian  Islands,  Honolulu, 
1013. 
«  Vaughan,  T.  W.,  Carnegie  Inst.  Washington  Pub.  133, 1910. 
» Drew,  G.  H.,  Carnegie  Inst.  Washington  Year  Boole  10, 1911 
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Many  botanists  love  to  dwell  on  the  temerity 
of  the  paloobotanists  m  determining  species 
from  impressions  of  leaves.  I  admit  at  the 
outset  that  some  identifications  based  on  frag- 
mentary materials  are  altogether  too  uncertain. 
There  is  more  or  less  convergence  in  fohar 
characters  in  unrelated  or  remotely  related 
families  and  there  may  also  be  considerable 
variation  in  the  leaves  of  a  single  species,  but 
foUar  characters  in  general  are  more  fixed  than 
those  of  almost  any  other  organs  of  plants. 
They  are  subjected  to  less  complex  environ- 
mental factors  and  always  have  been. 

It  should  be  remembered  that  characters 
which  are  less  essential  to  the  vital  activities 
of  plants,  such  as  the  form  of  the  leaf,  when 
once  acquired  may  continue  practically  un- 
changed for  thousands  of  years  and  afford  a 
surer  clue  to  relationship  than  characters  more 
inmiediately  within  the  field  of  action  of  nat- 
ural selection.  This  is  shown  by  the  persist- 
ence of  fern  fronds  on  the  Paleozoic  pterido- 
spcrms,  by  the  uniformity  of  cycad-like  fronds 
from  the  Permian  to  the  Cretaceous,  and  by  the 
striking  persistence  of  dicotyledonous  foliar 
types  from  the  middle  Cretaceous  to  the  present. 
This  persistence  of  type  in  plants  is  parallel 
with  the  persistence  of  superficial  and  orna- 
mental shell  characters  in  the  Mollusca  from 
the  Cretaceous  to  the  Recent,  as  noted  by  Dall. 

In  the  Tropics,  where  flowers  and  fruits  are 
often  imobtainable  or  beyond  reach,  it  is  easy 
to  learn  to  recognize  most  trees  by  their  habit 
and  foliage,  but  most  botanists,  systematic  or 
otherwise,  give  little  attention  to  anything 
beyond  floral  structure. 

It  is  reasonable  to  conclude  that  palms  and 
tree  ferns  are  not  boreal  plants  that  were  in 
the  course  of  ages  restricted  to  the  Tropics,  as 
Naumayr  once  suggested,  in  an  effort  to  ex- 
plain their  presence  within  the  Arctic  Circle  on 
other  than  climatic  grounds.  Uniformity  of 
cause  and  effect  is  the  foundation  upon  which 
rests  the  whole  fabric  of  our  knowledge  of  past 
events,  and  it  is  just  as  unscientific  to  assume 
that  the  carrying  power  of  water  was  not  con- 
ditioned by  its  velocity  during  the  Tertiary 
period  as  it  is  to  assimie  that  insolation,  hu- 
midity, rainfall,  winds,  and  all  the  other  factors 
that  constitute  the  environment  of  the  vegeta- 
tion had  effects  on  the  flora  of  past  ages  dif- 
ferent in  kind  from  their  effects  on  the  living 
flora. 


In  a  study  like  this  the  chief  emphasis  should 
be  based  on  comparisons  with  the  existing 
relatives  of  the  fossil  forms  and  not  on  the 
study  of  previously  described  forms,  many  of 
them  from  remote  regions,  in  the  search  for 
species  that  appear  to  be  similar.  Correlation 
with  previously  described  paleobotanic  forms 
should  not  be  neglected,  however,  and  no  de- 
scriptions are  complete  unless  they  include  a 
discussion  of  the  resemblances  and  differences 
of  fossil  forms  that  show  similarities  together 
with  their  geologic  and  geographic  distribution. 
Even  the  most  trivial  characters  of  the  fossil 
should  be  carefully  noted,  for  all  these  char- 
acters are  valuable  in  future  studies.  The 
hving  representatives,  their  habitat,  range,  and 
variation  are  of  the  greatest  importance  in 
determining  what  may  be  called  paleoecology. 

It  may  be  assumed  that  strand  plants  and 
upland  plants  will  not  be  found  in  association 
without  clear  evidence  of  transportation,  and 
if  such  seems  to  be  the  case  additional  study 
may  reveal  the  errors  of  determination. 

The  facts  that  all  floras  are  dynamic  and  not 
static,  that  all  their  elements  are  more  or  less 
plastic  in  their  reactions  to  the  infinite  complex- 
itv  of  their  environment,  raise  some  doubt  with 
regard  to  the  methods  and  results  of  paleo- 
ecology, especially  as  so  little  is  known  regard- 
ing the  precise  relations  between  existing  plants 
and  their  environment.  At  the  same  time  the 
method  used  is  the  only  one  available  and  it 
must  be  considered  to  be  a  legitimate  method 
until  negatived  in  human  experience.  If  it  be 
assumed  incorrect,  there  is  no  limit  to  idle  specu- 
lations as  futile  as  those  of  medieval  times. 

The  Wilcox  flora  as  described  in  the  present 
study  comprises  considerably  more  than  300 
species;  the  exact  number  is  without  signifi- 
cance, since  it  is  so  largely  dependent  on  acci- 
dents of  preservation  and  discovery  -and  since 
it  is  also  considerably  influenced  by  the  evalu- 
ation of  specific  characters.  The  number 
might  readily  be  increased  to  400  if  fragments 
of  new  forms  were  considered  the  basis  for  the 
description  of  species. 

This  flora  is  therefore  one  of  the  largest 
floras  yet  known  from  a  single  geologic  horizon 
in  a  single  area,  although  it  is  considerably 
smaller  than  the  so-called  Fort  Union  flora  of 
the  Rocky  Mountain  province, .  which,  how- 
ever, covers  a  greater  geographic  area  and^  a 
longer  interval  of  time. 
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In  comparison  with  foreign  Eocene  floras  of 
similar  age  it  may  be  noted  that  Ettingshausen 
enumerated  72  genera  and  200  species  from  the 
London  clay  of  the  Isle  of  Sheppey*  and  116 
genera  and  274  species  from  Alum  Bay,  on  the 
Isle  of  Wight.'  I  mention  these  two  English 
floras  specifically,  because  though  never  ade- 
quately described  they  are  at  least  partly 
contemporaneous  with  that  of  the  Wilcox,  as 
I  hope  to  show  in  the  chapter  on  correlation, 
and  they  therefore  offer  interesting  details  for 
comparison,  as  will  subsequently  appear. 

The  Wilcox  flora  comprises  134  genera  in  63 
families  and  37  orders.  The  Thallophyta  are 
represented  by  a  few  species  of  leaf-spot  fungi, 
but  if  the  student  were  to  follow  the  fashion 
set  by  the  older  European  paleobotanists  the 
so-called  species  of  spot  fungi  could  be  increased 
many  fold,  for  I  have  only  picked  out  for  enu- 
meration certain  conspicuous  or  characteristic 
types.  The  Bryophyta,  as  is  the  rule  in  fossil 
floras,  are  entirely  unrepresented,  although  the 
sediments  in  many  places  would  have  pre- 
served them  in  perfection  if  they  had  been 
present,  and  the  assumption  is  logical  that  they 
were  either  confined  to  more  northern  latitudes 
at  this  time  or  were  an  exceedingly  minor  ele- 
ment in  the  flora.  The  Pteridophyta,  which 
are  such  a  preponderating  element  in  all  fos- 
sil floras  up  to  the  middle  Cretaceous,  are  rep- 
resented by  a  doubtfully  determined  lycopod 
and  six  species  of  ferns. 

Of  the  vascular  plants  in  the  flora  of  tropical 
America,  ferns  are  among  the  most  abundant 
in  specific  differentiation,  those  of  the  island  of 
Jamaica  being  especially  numerous.  Grise- 
bach  enumerated  340  species  of  ferns  in  his 
''Flora  of  the  British  West  Indies, *'  published 
in  1864.  In  Urban's  more  recent  work  182 
species  of  the  PolypodiacesB  alone  are  recorded 
from  Porto  Rico.  Tlie  five  genera  Aneimia, 
Lygodium,  Asplenium,  Pteris,  and  Meniphyl- 
loides  have  been  recognized  in  the  WUcox, 
each  represented  by  a  single  species,  except  the 
genus  Asplenium  which  has  two  species. 
Though  six  species  seems  a  small  number  of 
ferns  in  a  subtropical  flora  like  that  of  the 
Wilcox,  it  is  just  twice  as  many  as  have  been 
found  in  the  contemporaneous  deposits  of  Alum 
Bay  on  the  Isle  of  Wight,  where  the  remains  of 

1  Ettingshausen,  C.  von,  Roy.  Soc.  London  Proc.,  vol.  29,  pp.  388-396, 
1879. 
*  Ettingshausen,  C.  von,  idem,  vol.  30,  pp.  228-236, 1880. 


an  extensive  flora  are  preserved  in  the  pipe 
clays.  The  explanation  of  this  seeming  dis- 
parity between  the  abundance  of  the  ferns  in 
the  lower  Eocene  and  in  the  modem  floras  is 
readily  formulated  and  it  also  indioates  the 
reasons  for  thinking  that  the  Wilcox  fern  flora 
if  it  were  available  for  study  would  be  rich  and 
varied,  comparable  at  least  with  the  existing 
fern  flora  of  the  lowlands  of  subtropical 
America. 

The  known  Wilcox  flora  is  almost  entirely  a 
coastal  flora,  made  up  very  largely  of  strand 
types.  Very  few  elements  in  it  can  be  properly 
considered  as  derived  from  inland  areas  by 
stream  transportation.  In  fact  the  condition 
of  preservation  of  most  of  the  plants  proves 
that  they  grew  in  the  immediate  vicinity  of  the 
places  where  they  are  now  found  as  fossils. 
With  a  few  striking  exceptions  the  existing 
tropical  and  subtropical  fern  floras  are  floras  of 
humid  inland  or  upland  habitats.  For  exam- 
ple, most  of  the  Jamaican  ferns  are  found  on  the 
Blue  Mountains.  The  most  striking  excep- 
tion to  this  statement  is  the  genus  Acrosti- 
chum,  which  strangely  enough  has  not  yet  been 
positively  recognized  in  the  Wilcox  flora,  al- 
though it  was  widespread  along  the  shores  of 
the  Mississippi  Gulf  in  the  succeeding  middle 
Eocene  (Claiborne)  and  lower  Oligocene  (Vicks- 
burg)  floras,  as  abundant  apparently  as  it  is 
in  the  existing  flora  of  tropical  tidal  marshes 
in  both  the  Eastern  and  the  Western  hemi- 
spheres. Another  fern  type  likely  to  appear  in 
coastal  thickets  is  the  genus  Lygodium,  of 
scandent  habit,  and  this  genus  is  represented 
in  the  Wilcox  flora  by  both  sterile  and  fertile 
fronds.  It  is  likewise  common  in  the  Claiborne 
and  Vicksburg  floras  and  in  Tertiary  floras  gen- 
erally. Beside  Lygodium  the  family  SchizsB* 
ace»  is  represented  by  a  species  of  Aneimia, 
which  must  also  be  considered  to  have  been  a 
coastal  type  in  the  early  Eocene  as  are  some 
of  its  species  at  the  present  time,  since  very 
similar  species  of  Aneimia  are  found  in  a  large 
number  of  Eocene  coastal  deposits  both  in  this 
country  and  abroad. 

The  remaining  four  species  of  Wilcox  ferns 
are  all  referable  to  the  family  Polypodiaceap, 
which  is  the  dominant  existing  family  of  the 
fom  phylum.  The  two  species  of  Asplenium 
are  types  readily  matched  by  existing  Central 
American  species.  The  Pteris,  not  certainly 
identified   as    a  true  species  of  this  common 
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cosmopolitan  type,  had  stout  coriaceous  fronds 
and  may  have  been  transported,  since  it  occurs 
at  only  two  localities  in  the  Wilcox,  and  at  one 
of  these  it  is  in  a  fragmentary  condition.  This 
supposition  receives  some  support  from  its 
presence  in  the  basal  Eocene  of  the  Rocky 
Mountain  province  after  the  sea  had  withdrawn 
from  that  area  and  after  there  had  been  a  large 
amount  of  volcanic  activity  and  more  or  less 
uplift.  The  genus  MeniphyUoides  is  a  unique 
type,  as  yet  peculiar  to  the  Wilcox  flora,  al- 
though it  is  closely  related  to  the  similarly 
imique  genus  Meniphyllum  Ettingshausen  and 
Gardner,  from  the  middle  Eocene  (Lutetian)  of 
England,  and  both  are  closely  related  to  and 
possibly  the  progenitors  of  the  existing  genus 
Meniscium,  which  has  at  least  one  species  that 
is  close  to  the  Wilcox  form.  MeniphyUoides 
is  found  at  only  three  localities  near  the  top  of 
the  Wilcox  and  its  probable  habitat  is  not 
known.  The  remains  are  broken  but  are  asso- 
ciated with  a  tjrpical  strand  flora. 

It  will  be  seen  that  of  the  Wilcox  ferns  whose 
habitats  can  be  surmised  all  are  coastal  types, 
and  when  we  recall  that  the  mainland  was  rela- 
tively low  throughout  Wilcox  time  it  is  not 
surprising  that  the  ferns  are  scarce.  By  a 
specialization  of  habitat  in  modem  equatorial 
regions  a  large  part  of  the  flora  becomes  epi- 
phytic, the  smaller  ferns  being  commonly  so. 
None  of  the  members  of  the  extensive  Wilcox 
flora  can  be  regarded  as  epiphytes  with  the  pos- 
sible exception  of  Lycopoditesf  eoligniticuSy  which 
is  such  a  rare  and  poorly  represented  form  that 
it  is  without  significance.  Apparently  epi- 
phytes were  not  conspicuous  in  the  Wilcox 
coastal  floras,  so  that  this  possible  source  of 
additional  fern  species  is  also  eliminated. 

The  Gymnospermse,  so  conspicuous  in  Meso- 
zoic  floras,  are  relatively  unimportant,  both  in 
species  and  individuals,  in  the  Wilcox  flora,  a 
feature  due  to  their  general  relative  unimpor- 
tance in  Cenozoic  floras  and  to  their  intoler- 
ance of  the  habitats  and  climatic  conditions 
indicated  by  the  Wilcox  flora  as  a  whole.  Four 
Wilcox  gymnosperms  are  referred  to  the  rela- 
tively modem  family  Pinaceje  and  none  of  the 
genera  are  especially  close  to  Mesozoic  types. 

These  Pinace»  include  the  following:  Some- 
what poorly  defined  petrified  wood  which  does 
not  merit  especial  comment,  representing  the 
genus  Cupressinoxylon  of  Goppert.  The  genus 
Glyptostrobus,  which  contains  but  two  surviv- 


ing species  in  the  river  bottoms  of  eastern  Asia, 
is  represented  by  foliage  and  seeds  referred  to 
Olyptostrobus  europxus  (Brongniart)  Heer. 
This  species  is  exceedingly  common  at  a  large 
number  of  localities  and  horizons  in  the  north- 
em  hemisphere  throughout  the  Tertiary  period. 
In  North  America  it  is  represented  from  the 
basal  Eocene  to  the  Pliocene,  and  though  it 
probably  includes  more  than  one  botanic  spe- 
cies no  basis  for  its  segregation  except  by  geo- 
graphic or  geologic  divisions  is  discernible. 
The  genus  Taxodium  is  sparingly  represented 
by  foliage  and  seeds.  The  leaves  are  referred 
to  Taxodium  dubium  (Sternberg)  Heer,  a  spe- 
cies whose  distribution  and  geologic  range  are 
as  wide  as  that  of  Glyptostrobus  europseus.  It  is 
found  in  North  America  from  the  base  of  the 
Eocene  to  the  Miocene  Chesapeake  group  and 
in  the  Pliocene  of  the  Gulf  coast  it  passes  in- 
sensibly into  the  Pleistocene  and  still  existing 
bald  cypress.  Arthrotaxis,  still  living  in  the 
mesophytic  areas  of  Tasmania,  is  represented 
by  cone  scales.  No  traces  of  the  genera  Se- 
quoia or  Podocarpus  have  been  discovered. 

Though  gymnosperms  are  so  poorly  repre- 
sented in  the  lower  Eocene  of  the  embayment 
area  they  are  not  without  significance.^  The 
fact  that  they  are  so  uncommon  there,  whereas 
in  more  northern  Eocene  floras  they  are  so 
abundant,  seems  to  show  that  the  Wilcox  cli- 
mate was  unfavorable.  The  only  possible 
adverse  condition  which  the  flora  of  the  Wilcox 
as  a  whole  indicates  is  too  warm  a  temperature, 
which,  if  correctly  interpreted,  indicates  at 
least  some  development  of  climatic  zones  in 
the  lower  Eocene.  The  habitats  of  Glypto- 
strobus and  Taxodium  in  the  lower  Eocene 
were  apparently  the  same  as  those  of  the  exist- 
ing species,  and  they  thus  confirm  the  predi- 
cated character  of  the  physical  conditions  in 
Wilcox  time.  Both  genera  are  only  known 
from  the  HoUy  Springs  sand  or  middle  Wilcox, 
which  was  deposited  at  a  time  when  the  coastal 
region  stood  at  about  sea  level  and  was  trav- 
ersed by  sluggish  meandering  streams.  The 
Glyptostrobus  twigs  are  found  in  the  estuary 
of  a  middle  Wilcox  river,  associated  with  unios 
and    thickets    of    Sabalites.     The    Taxodium 

^  The  petrified  woods  from  the  Wilcox  were  not  sectioned  In  time  to 
be  described  in  this  report.  A  number  are  coniferous,  and  that  conifers 
were  more  abundant  during  Wilcox  time  than  their  foliage  remains 
have  indicated  is  also  shown  by  the  canneloid  lignite  from  Lester,  Ark., 
described  by  White  (Bur.  Mines  Bull.  38,  p.  19, 1913),  which  is  largely 
made  up  of  resin  concentrated  by  the  decay  of  coniferous  woods.  Pollen 
exines  of  conifers  are  also  reported  from  the  Wilcox  lignites  at  Lester 
by  Thiessen  ridem,  p.  231). 
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occurs  in  a  region  of  bayous  and  lagoons,  as 
shown  by  the  sediments. 

The  Cycadacese,  which  were  practically  cos- 
mopolitan during  the  Mesozoic  era,  are  almost 
unknown  in  the  Tertiary  period,  despite  the 
fact  that  there  are  9  still  existing  genera  to- 
gether containing  over  100  species.  The  Ter- 
tiary records  include  a  doubtfully  determined 
Zamites  from  the  Heersian  of  Belgium,  an 
OUgocene  species  from  southeastern  France,  an 
early  Tertiary  species  from  Chile,  a  late  Oligo- 
cene  Encephalartos-like  form  from  Greece,  and 
two  poorly  defined  species  from  the  ACocene 
of  Switzerland.  The  Wilcox  land  would  seem 
to  have  furnished  ideal  conditions  for  Zamia- 
like  forms,  but  material  of  this  sort  is  very  rare 
and  is  confined  to  the  later  Wilcox  of  the  west- 
em  embayment  area.  This  scanty  material  is 
very  similar  to  the  existing  Zamiapumila 
Linn6,  a  small  species  with  an  underground 
stem  common  in  the  hammocks  of  the  east 
coast  of  Florida.  Tlie  genus  contains  about 
30  existing  species  confined  to  the  tropic  and 
subtropic  regions  of  ^Vmerica. 

The  -fVngiospermsp,  decidedly  the  dominant 
class  in  existing  floras,  was  as  clearly  dominant 
in  Wilcox  time,  since  to  it  belongs  more  than 
94  per  cent  of  the  known  Wilcox  flora.  Of 
these  numerous  angiosperms  only  nine  are 
referable  to  the  Monocot3'ledon».  It  is  true 
that  the  number  of  monocotyledons  might 
have  been  increased  by  describing  the  various 
sedge  or  grasslike  fragments  that  are  not  un- 
common at  certain  localities.  However,  none 
of  these  fragments  have  been  dignified  by 
names  except  a  single  form  each  of  Poacit«s 
and  Cyperites,  which  were  retained  only  be- 
cause they  were  already  in  the  literature. 
That  only  three  species  of  palms  have  been 
recognized  is  remarkable,  for  palms  were  well 
differentiated  at  this  time  and  genera  such  as 
Phoenicites,  Thrinax,  Geonoma,  Bactrites,  and 
Manicaria  are  recognized  in  the  later  Tertiary 
deposits.  Of  the  30  monocotyledons  named 
by  Ettingshausen*  in  the  contemporaneous 
deposits  of  Sheppey  22  species  are  palms.  On 
the  other  hand,  the  contemporaneous  Alum 
Bay  flora,  which  comes  from  a  locality  not  far 
distant  from  that  of  the  Sheppey  deposits,  fur- 
nishes only  6  monocotyledons.  This  contrast 
indicates  that  the  fruits  which  accumulated  at 


» Roy.  Soc.  London  Proc.,  vol.  29,  p.  393, 1879. 


Sheppey  in  the  delta  of  an  Eocene  river  system 
contain  interior  forms  not  present  in  the  coastal 
region,  represented  by  the  Alum  Bay  clays,  and 
that  inland  from  the  Wilcox  coast  monocotv- 
ledons  suitable  to  the  Wilcox  environment 
flourished  but  were  not  preserved  as  fossils. 

Since  the  earl}"  Ek)cene  floras  of  Europe  are 
so  much  like  those  of  southeastern  North 
America  an  enumeration  of  the  Sheppey  palms 
is  of  considerable  interest.  They  include  the 
genera  Xipa,  CEnocarpus,  Areca,  Iriartea, 
Livistona,  Sabal,  Chamaerops,  Thrinax,  Bac- 
tris,  Asterocaryum,  and  El«is.  Of  these  Nipa 
and  Sabal  are  represented  in  the  Wilcox  and 
Thrinax  and  Bactrites  are  present  in  the  em- 
bayment area  in  the  middle  Eocene  (Claiborne). 
The  order  Palmales,  or  more  properly  Arecales, 
has  a  single  existing  family,  the  Arecacese 
(Palmse),  with  about  150  genera  and  consid- 
erably more  than  a  thousand  existing  species, 
about  equally  divided  between  the  oriental  and 
occidental  tropics.  There  are  no  temperate 
outliers,  although  some  species  extend  far  into 
the  Temperate  Zone,  as  for  example  Sabal  adan- 
saniif  which  ranges  northward  along  the  Atlan- 
tic coast  as  far  as  North  Carolina.  The  present 
distribution  of  the  palms  is  a  good  illustration 
of  modem  continental  floral  diversities  succeed- 
ing a  Tertiary  cosmopolitanism  of  floras,  and 
it  shows  further  the  part  played  by  isolation  in 
evolution,  which  is  also  indicated  by  the  abun- 
dance of  monotypic  genera  in  the  Orient,  where 
the  tropical  area  is  so  much  broken.  Not  a 
single  species  or  genus  is  common  to  the  two 
hemispheres  and  even  the  tribes  are  almost  all 
either  oriental  or  occidental. 

Most  students  regard  the  Pandanacese  (screw 
pines)  as  the  probable  ancestral  stock  of  the 
palms,  and  though  the  screw  pines  are  entirely 
oriental  now,  they  were  not  so  in  the  Tertiary, 
and  it  is  perhaps  significant  that  the  existing 
genus  Phytelephas,  which  is  regarded  as  inter- 
mediate between  the  Pandanaceje  and  the  Are- 
caceae  is  exclusively  American,  and  that  genera 
now  exclusively  oriental  are  represented  in  the 
American  Tertiary,  Nipa  in  the  Wilcox  and 
Phoenix  in  the  Vicksburg.  There  is  no  warrant 
for  the  assertion  that  palms  are  of  occidental  or- 
igin, but  their  oriental  origin  is  equally  difficult 
of  proof,  and  what  we  know  of  their  geologic 
history  clearly  shows  that  their  existing  distri- 
bution throws  little  light  on  their  phylogeny. 
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The  three  Wilcox  species  of  pabns  comprise  a 
fan  pabn  and  two  feather  pahns.  The  Chamee- 
dorea  leaves  represent  a  small  palm  whose  numer- 
ous modem  allies  are  confined  to  America. 
Most  of  its  species  are  foimd  in  the  humid 
mountainous  regions  of  Central  America, 
though  it  is  also  present  in  coastal  floras,  as 
along  the  Atlantic  coast  of  the  Isthmus  of 
Panama.  It  is  not,  however,  a  strictly  coastal 
form  and  is  not  found  in  association  with  the 
typical  Wilcox  strand  flora,  for  it  occurs  only 
in  the  basal  Wilcox  (Ackerman  formation)  of 
Choctaw  County,  Miss.,  and  at  the  base  of  the 
transgressing  upper  Wilcox  deposits  in  Saline 
County,  Ark.  Its  rarity  and  occurrence  in 
basal  beds  indicates  that  its  area  of  growth 
was  inland  and  only  reached  in  these  two 
localities  by  the  landward  migration  of  the 
strand  line.  The  Sabalites,  which  I  have  com- 
pared with  the  existing  Sabal  palmetto j  is  com- 
mon everywhere  from  the  base  to  the  top  of 
the  Wilcox.  It  is  distinctly  a  coastal  type, 
rather  of  the  lagoons,  bayous,  and  estuaries 
than  of  the  strand.  This  fact  is  indicated  by 
the  fragmentary  nature  of  the  remains  at  many 
localities  and  the  occurrence  of  innumerable 
complete  specimens  at  other  localities,  as  at 
Oxford,  Miss.,  where  the  presence  of  unios  and 
the  local  unconformities  indicate  an  estuary. 
The  nipa  palm,  found  in  the  Grenada  forma- 
tion or  upper  Wilcox,  is  clearly  an  inhabitant 
of  muddy  tidal  shores,  so  that  it  would  natu- 
rally be  expected  in  the  laminated  clays  of  the 
upper  Wilcox.  Its  single  modern  representa- 
tive is  tolerant  of  water  of  considerable  salinity 
and  is  a  member  of  the  mangrove  association 
of  the  Orient.  It  shows  many  points  of  affuiity 
with  the  Pandanacese  and  has  never  before 
been  foimd  in  the  Western  Hemisphere.     Like 

so  many  forms  which  are  strictly  oriental  in 
the  existing  flora,  such  as  Cinnamomum,  Arto- 
carpus,  and  Phoenix,  it  enjoyed  a  cosmopolitan 

range  during  at  least  the  earlier  half  of  the 

Tertiary  period. 

A  rather  full  account  of  Nipa,  including  a  map 

showing  its  Recent  and  Tertiary  distribution, 

has  been  recently  published.^ 

The  single  species  of  Canna  of  the  Wilcox 

represents  a  strictly  hygrophilous  type,  which 

is  confined  to  America  in  the  existing  flora. 

It  is  an  inhabitant  of  estuary  and  river  swamps 

near  the  coast,  and  that  the  Wilcox  species 

inhabited  a  similar  situation  is  indicated  by 

*  Berry,  E.  W.,  Am.  Jour.  Sci.,  4th  ser.,  vol.  37,  pp.  57-60,  fig.  1, 1914. 


the  smaU  area  in  which  it  is  found  and  its 
association  with  Sabalites  near  the  riiouth  of  a 
Wilcox  river,  which  on  other  grounds  is  known 
to  have  traversed  Lafayette  County,  Miss. 

The  order  Arales  (Spathifloree  of  Engler)  is  a 
distinct  and  diversified  group  of  monocotyle- 
dons that  comprises  more  than  a  thousand 
existing  species,  most  of  them  belonging  to 
the  family  Aracese.  The  kindred  family^ 
Lemnacese,  which  consists  of  smaller  forms,  all 
aquatic,  comprises  but  few  species,  which, 
however,  have  a  very  wide  distribution.  The 
distinctive  features  of  the  plants  comprising 
these  allied  groups  are  the  differentiation  of  the 
leaves  into  stalk  and  blade ;  the  netted  venation 
of  the  blade;  certain  anatomical  differences; 
and  the  combination  of  the  flowers  into  a 
spadix.  The  floral  structure  is  varied,  ranging 
from  2-merous  to  4-merous,  pentacyclic,  syn- 
carpous  forms  such  as  Calamus,  with  its  bract- 
like  spathe,  to  the  more  abundant  bisporangi- 
ate  forms  with  obsolete  perianth  and  a  much 
developed  petaloid  spathe  specialized  for 
entomophily. 

The  Aracero  are  cosmopolitan,  but  most  of 
the  forms  are  found  in  the  Tropics,  massed  in 
South  America  and  the  southeastern  Asiatic 
region.  There  is  little  evidence  that  the  main 
differentiation  of  the  aroids  was  not  relatively 
modern,  although  Pistia  is  found  in  the  lower 
beds  of  the  Upper  Cretaceous  of  both  North 
America  and  Europe.  The  only  known  Ter- 
tiary species  are  a  well-marked  form  in  the 
Grenada  formation  or  upper  Wilcox,  evidently 
of  estuarine  habitat,  and  a  species  in  the 
overlying  Claiborne  Eocene.  The  species  in 
the  upper  Wilcox  represented  by  a  spadix, 
Araceseites  friteli,  is  comparable  with  those  of 
the  existing  South  American  genera  Spathi- 
phyllum  and  Monstera,  and  indicates  the  exist- 
ence of  swamps  in  the  western  embayment. 

The  Dicotyledons,  as  might  be  expected, 
are  largely  choripetalous  forms.  There  are 
over  250  species  of  Choripetalie  (Archichlamy- 
dese)  and  only  34  species  of  Gamopetalse  (Sym- 
petalse).  At  the  same  time  the  representation 
of  Gamopetalee  is  really  much  larger  than 
might  be  expected  thus  early  in  the  Eocene, 
and  many  families  often  thought  to  be  rela- 
tively more  modern  are  represented. 

The  following  orders  of  Choripetalae  are  not 
represented  in  the  Wilcox  flora:  Casuarinales, 
Piperales,  Salicales,  Balanopsidales,  Leitneri- 
ales,  Santalales,  Sarraceniales,  and  Opuntiales. 
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The  absence  of  the  Balanopsidales,  Sarraceni- 
ales,  and  Opuntiales  is  not  remarkable,  since 
they  are  all  specialized  types  and  the  rather 
uniform  habitats  of  the  cacti  and  their  rela- 
tively modern  evolution  both  conspire  to 
eliminate  them  from  Eocene  coastal  floras. 
The  presence  of  the  primitive  Casuarmales 
and  Piperales  might  be  expected,  especially 
since  there  is  a  well-marked  Piper-like  form  in 
the  Upper  Cretaceous  of  Alabama.  The  Sali- 
cales,  though  prevailingly  temperate  forms,  are 
abundantly  represented  in  the  Upper  Creta- 
ceous floras  of  the  embayment  area,  and  the 
Santalales  have  also  been  recorded  from  the 
American  Upper  Cretaceous  and  are  present 
in  the  European  Tertiary. 

Those  alUances  of  GamopetalsB  which  are  not 
present  in  the  Wilcox  are  mainly  the  great  mod- 
ern and  Temperate  Zone  groups.  For  example, 
there  are  no  Wilcox  species  of  Ericales,  Labi- 
atae,  Convolvulaceae,  Bignoniacese,  Scrophu- 
lariaceae,  Plantaginales,  Valerianalc^,  or  Cam- 
panulales,  thus  proving  not  only  the  essential 
modernness  of  the  evolution  of  the  Compositse 
but  firmly  establishing  the  subtropical  rather 
than  temperate  character  of  the  Wilcox  flora. 
The  fruit  described  as  Carpolithus  Tiyoseriti- 
formis  is  probably  referable  to  the  Composit®. 

The  larger  families  of  the  Dicotyledonae  in  the 
Wilcox  flora  are  the  following:  Lauraceae  (30 
species),  CaBsalpiniaceae  (26  species),  MoracesB 
(23  species),  Papilionaceee  (22  species),  Rham- 
naceaB  (14  species),  Sapindacead  (13  species), 
SapotacesB  (12  species),  MyrtaceaB  and  Mimo- 
sacesB  (11  species  each),  Combretaceae  and 
Anacardiaceae  (9  species  each),  Juglandacead  (8 
species),  Celastraceae  (7  species),  and  the  Pro- 
teaceae  and  Apocynaceae  (6  species  each). 

The  largest  single  genus  is  Ficus,  which  has 
18  species.  Cassia  has  12 species;  Sapindus  9; 
Gleditsiophyllum  8;  Oreodaphne,  Sophora,  and 
Anacardites  7  each;  Cinnamomum,  Nectandra, 
Rhamnus,  Myrcia,  and  Bumelia  6  each;  and 
Celastrus,  Dillenites,  and  Apocynophyllum,  5 
each.  Ten  species  are  referred  to  the  form 
genus  Carpolithus,  and  this  number  could 
readily  be  greatly  increased  if  all  the  unidenti- 
fied seeds  were  named  and  described. 

The  amentiferous  families,  in  accordance 
with  their  Upper  Cretaceous  deployment  and 
their  undoubtedly  primitive  and  not  reduced 
character,  are  represented  in  the  Wilcox  flora 
by  14  species,  some  of  which  are  abundant. 


The  Juglandales  ^  are  represented  in  the 
Wilcox  by  three  species  of  Juglans,  only  one  of 
which,  Juglans  scMmperif  is  at  all  common;  by 
a  doubtfully  determined  species  of  Hicoria;  by 
three  well-marked  species  of  Engelhardtia; 
and  by  an  extinct  type,  Paraengelhardtia,  of  a 
habit  similar  to  that  of  Engelhardtia. 

The  genus  Juglans  is  one  of  the  earliest  of  the 
still-existing  dicotyledonous  genera  to  appear 
in  the  fossil  record,  and  it  is  continuously  repre- 
sented in  fossil  floras  from  the  middle  Cretaceous 
to  the  present.  There  are  about  25  Eocene 
species  of  walnut,  which  range  during  that  pe- 
riod from  the  Gulf  region  to  Alaska  and  Green- 
land, and  these  forms  are  also  present  in  the 
tropical  forests  of  the  Egyptian  Fayum  in  the 
early  Oligocene.  The  accompanying  sketch 
map  (fig.  4)  shows  the  existing  distribution  of 
Juglans  and  its  known  former  range.  This 
map,  which  shows  the  outlying  existing  species 
in  the  West  Indies  and  under  the  Equator  in 
South  America,  indicates  that  in  spite  of  the 
northward  range  of  the  Asiatic  species  in  Man- 
churia and  of  some  of  the  North  American 
species  into  New  England  and  southern  Onta- 
rio, the  progenitors  were  at  least  subtropical 
types,  a  fact  corroborated  by  their  f oUar  charac- 
ters, since  it  is  well  known  that  compound 
leaves  indicate  tropical  ancestry.  This  is 
abundantly  proved  for  Juglans  by  its  associates 
in  the  fossil  floras  in  which  it  is  represented. 

The  genus  Engelhardtia '  is  one  of  the  most 
interesting  Wilcox  genera.  In  the  first  place 
the  identification  of  its  leaves  is  corroborated 
by  two  varieties  of  characteristic  winged  fruits. 
The  genus  was  described  by  Leschen  in  1825 
and  contains  about  10  species  in  the  south- 
eastern Asiatic  area,  ranging  from  the  north- 
western Himalayan  region,  where  they  extend  a 
short  distance  north  of  the  Tropic  of  Cancer, 
through  Farther  India  and  Burma  to  Java  and 
the  Philippines.  The  pistillate  flowers  are 
small  and  are  grouped  in  paniculate  spikes. 
They  develop  into  small  drupeUke  fruits,  each 
of  which  is  connate  at  the  base  to  a  large  ex- 
panded trialate  involucre. 

A  single  little-known  species,  rarely  repre- 
sented in  even  the  larger  herbaria,  occurs  in 
Central  America  and  is  the  type  and  only  spe- 
cies   of   the   genus    Oreomunnea   of   Oersted. 

-  Berry,  £.  W.,  Notes  on  the  geological  history  of  the  walnuts  and 
hickories:  Plant  World,  vol.  15,  pp.  225-240, 1912. 

>  Berrj',  E.  W.,  Am.  Jour.  Sci.,  4th  ser.,  vol.  31,  pp.  491-496, 1911:  Plant 
World,  vol.  15,  pp.  234-238,  figs.  3,  4, 1912. 
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This  form  has  a  much  narrower  range  than  its 
kin  beyond  the  Pacific.  Oreomunnea  is  very 
close  to  Engelhardtia,  and  by  the  paleobotanist 
the  two  may  be  considered  as  identical/  for 
they  represent  slightly  modified  descendants  of 
a  common  ancestor  which  was  of  cosmopolitan 
distribution  during  the  early  Tertiary.  The 
present  isolation  of  Oreomunnea  furnishes  a 
striking  illustration  of  the  great  changes  which 
have  taken  place  in  the  flora  of  the  world  in  the 
relatively  short  time,  geologically  speaking, 
that  has  elapsed  since  the  dawn  of  the  Tertiary. 
Wben  closely  related  forms  in  the  existing 
flora  of  the  world  are  restricted  in  range  and 


of  Engelhardtia  were  obtained  for  the  larger 
European  herbaria,  and  Baron  Ettingshausen, 
that  most  sagacious  of  paleobotanists,  as  long 
ago  as  1851  pointed  out  that  certain  supposed 
species  of  Carpinus  were  really  fruits  of  Engel- 
hardtia. He  returned  to  the  subject  in  1858 
without,  however,  actually  changing  the  names 
of  any  of  the  supposed  species  of  Carpinus,  nor 
does  he  seem  to  have  been  aware  of  the  pres- 
ence of  a  living  species  of  Engelhardtia  (Oreo- 
munnea) in  Central  America. 

Since  Ettingshausen's  announcement  a  dozen 
or  more  fossil  species  of  Engelhardtia  have 
been  described.     The  oldest  known  Eiu*opean 
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FloiiRE  4.— Sketch  map  showing  areas  of  distribution  of  recent  (solid  black)  and  fossil  (line<l)  species  of  Juglans.    A  South  Americen  species 

found  near  Bahia,  Brazil,  and  the  existing  Japanese  species  are  not  shown. 


isolated  from  their  nearest  relatives,  or  when 
other  existing  genera  are  monotypic,  it  is  quite 
safe  to  predicate  for  them  an  interesting  and 
extended  geologic  history.  Engelhardtia  is  an 
illustration  of  this  principle,  for  its  peculiar 
three-winged  fruits  have  been  known  in  the 
fossil  state  for  almost  a  century.  They  were 
long  unrecognized,  however,  and  the  earlier 
students  who  described  them  compared  them 
with  the  somewhat  similar  winged  fruits  of  the 
genus  Carpinus  (BetulacesB) .  As  a  result  of 
the  botanic  exploration  of  distant  lands  in  the 
early  part  of  the  nineteenth  century  specimens 

1  Many  students  of  recent  floras,  as,  for  example,  Hemsley ,  in  his  Flora 
of  Central  America,  consider  Engelhardtia  and  Oreomunnea  as  one 
genus. 


form  occurs  in  the  lower  Oligocene  (Sannoi- 
sian)  of  France  and  the  species  become  increas- 
mgly  abimdant  throughout  southern  Europe, 
especially  toward  the  close  of  the  Oligocene 
and  tha  dawn  of  the  Miocene.  Saporta  says 
that  the  slabs  from  the  leaf  beds  at  Armissan, 
in  southeastern  France,  are  thickly  strewn 
with  these  peculiar  fruits.  Fossil  forms  are 
foimd  in  Europe  throughout  the  Miocene  and 
Pliocene,  and  specimens  of  late  Miocene  or 
early  PUocene  age  are  recorded  from  Spain, 
France,  Italy,  Croatia,  and  Hungary.  The 
Wilcox  species  are  somewhat  older  than  any  of 
the  European  forms. 

The  accompanying  sketch  map  (fig.  5)  shows 
the  present  distribution  of  Engelhardtia  m  the 
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Orient  and  Oreomxumea  in  the  Occident  in 
outline.  These  areas  are  somewhat  general- 
ized and  exaggerated  in  order  to  be  shown  on 
a  map  so  small  in  scale.  The  areas  where 
Tertiary  species  of  Engelhardtia  have  been 
foimd  are  indicated  by  circles,  and  though  the 
map  is  not  as  complete  as  might  be  desired,  it 
shows  very  clearly  that  forms  closely  allied  to 
the  modem  Engelhardtia  were  widespread 
during  the  Tertiary  period,  when  the  more 
extensive  warm  climate  enabled  them  to  pene- 
trate more  than  halfway  across  the  North 
Temperate  Zone.  It  seems  probable  that  they 
also  pushed  southward  into  the  South  Tem- 


have  shown  in  the  systematic  part  of  this 
work.  Probably  it  represents  a  survival  of 
the  ancestral  stock  from  which  Engelhardtia 
was  derived,  since  its  fruits  are  more  primitive 
and  indicate  ancestral  forms  with  smaller 
bracts,  comparable  with  the  bracts  of  Juglans 
or  Hicoria,  which  in  the  course  of  time  became 
accrescent  and  subsequently  deeply  trilobate. 
The  primitive  character  of  Paraengelhardtia 
and  the  presence  of  true  Engelhardtias  in  the 
Wilcox  so  much  earlier  than  their  first  occur- 
rence in  Europe  suggest  that  America  was  the 
original  home  of  the  Engelhardtia  stock,  al- 
though this  supposition  can  not  be  verified  or 


Figure  5.— Sketch  map  showing  areas  of  distribution  of  recent  and  fossil  species  of  Engelhardtia  and  Oreomunnea. 


perate  Zone,  but  this  can  neither  be  verified 
nor  disproved,  for  practically  no  fossil  plants 
of  Tertiary  age  have  been  discovered  in  South 
America  or  Africa.  It  is  also  probable  that 
careful  exploration  wiU  disclose  living  repre- 
sentatives of  this  widespread  Tertiary  stock  in 
western  Brazil,  especially  as  they  have  siu*- 
vived  in  Central  America  north  of  the  Equator. 

The  existing  Engelhardtias  are  upland  forms, 
which  may  also  have  been  true  of  the  Wilcox 
species,  although  their  abundance  at  different 
locaUties  along  the  Wilcox  coast  would  seem  to 
indicate  otherwise. 

The  genus  Paraengelhardtia,  which  is  a 
unique  type  confined  to  a  single  locality  in  the 
Wilcox,  is  clearly  allied  to  Engelhardtia,  as  I 


disproved  mitil  a  Tertiary  paleobotanic  record 
for  the  continent  of  Asia  is  available. 

The  Myricales  of  the  Wilcox  flora  contain 
but  two  species  of  Myrica.  Myrica  is  a  very 
old  generic  type  and  has  a  large  number  of 
fossil  species,  ranging  from  the  middle  Creta- 
ceous to  the  present.  The  existing  species  are 
relatively  few  in  number,  are  widely  scattered 
geographically,  and  represent  survivors  from  a 
Tertiary  cosmopolitan  distribution.  The  allied 
monotypic  genus  Comptonia,  which  by  some 
students  is  included  in  Myrica,  has  an  extended 
geologic  history  which  I  discussed^  in  1906. 
Myrica  is  much  less  abundant  in  the  Wilcox 
than  in  the  European  Tertiary,   although   it 

»  Berry,  E.  W.,  Am.  Naturalist,  vol.  40,  pp.  485-620,  pis.  1-4,  1906. 
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was  present  in  the  embayment  area  in  upper 
beds  of  the  Upper  Cretaceous  (Ripley  forma- 
tion of  Tennessee) .  Its  meager  representation 
in  Wilcox  time  may  be  due  to  the  more  tropical 
chmate.  The  modem  Myricas  are  temperate 
and  subtropical,  and  a  number  of  the  species 
are  coastal  forms  of  either  swamps  or  sand 
dimes.  Myrica  elseaiwides  was  evidently  a 
coastal  form  and  so  was  Myrica  wilcoxeTisis,  a 
species  very  similar  to  the  existing  Myrica 
ceriferaf  which  ranges  from  New  Jersey  to 
Texas,  and  is  also  foimd  on  the  Bermudas  and 
Bahamas.  Myrica  cerifera  is  most  abundant 
and  vigorous  in  the  sandy  swamps  along  the 
South  Atlantic  and  Gulf  coasts,  and  its  habi- 
tat may  be  comparad  with  that  of  Myrica  wil- 
coxensis,  which  seems  to  be  the  ancestral  stock 
of  a  very  similar  species  that  occurs  along 
the  middle  Eocene  (Claiborne)  coast  of  the 
embayment. 

The  order  Fagales,  which  includes  many 
well-known  timber  trees  of  the  Temperate  Zone, 
is  comprised  in  the  two  families  Betulaceae 
and  Fagaceae.  These  famiUes  together  con- 
tain about  450  existing  species,  about  three-" 
foiu-ths  of  which  belong  to  the  FagacesB. 
Although  the  Betulacese  are  characteristically 
developed  in  the  Upper  Cretaceous  of  North 
America,  they  are  unrepresented  in  the  Wilcox 
flora,  probably  because  the  chmate  was  too 
warm,  and  this  probabihty  may  also  account 
for  the  absence  of  true  oaks,  the  Fagaceas 
being  represented  in  the  Wilcox  flora  only  by 
the  genus  Dryophyllum,  which  there  includes 
five  rather  widespread  and  locally  common 
species. 

The  genus  Dryophyllum  is  of  world-wide 
distribution  and  shows  consistently  uniform 
characters  throughout  many  horizons  of  the 
late  Cretaceous  and  early  Eocene  from  the 
Senonian  to  the  Ypresian  stage.  It  especially 
characterizes  the  dawn  of  the  Eocene  and 
represents  the  ancestral  stock  from  which  the 
genera  Castanea,  Castanopsis,  Pasania,  and 
Quercus  took  their  origin,  although  this 
origin  was  in  the  late  Cretaceous.  As  might 
be  expected,  Dryophyllum  has  long  since  be- 
come extinct.  The  Wilcox  species  were  ap- 
parently strand  types,  as  were  also  the  many 
species  enumerated  by  Debey,  the  describer  of 
the  genus,  from  the  sandy  shores  of  the  Upper 
Cretaceous  sea  of  Rhenish  Prussia.  DryophyL 
lum  is  abundant  in  the  Montian  of  Belgium 
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and  in  the  Uttoral  sands  of  Ostricourt  and 
Belleu  in  France.  In  the  systematic  chapter 
detailed  comparisons  are  made  between  the 
Wilcox  and  the  foreign  species  which  show  a 
striking  parallelism. 

The  Urticales  include  the  families  Ulmacese, 
Moracese,  and  UrticaceaB,  which  together  con- 
tain about  1,600  existing  species.  The  Urti- 
caceaB are  largely  herbaceous  forms,  and  tlie 
Ulmacese  are  mostly  extratropical. 

The  Ulmaceee  comprise  13  genera  and  about 
140  existing  species,  widely  distributed  in 
temperate  and  tropical  regions.  A  single 
species  of  Planera,  described  originally  by 
Newberry  from  the  western  Eocene,  is  doubt- 
fully identified  from  the  Wilcox.  The  genus 
is  monotypic  in  the  existing  flora  and  is  con- 
fined to  wet  swampy  situations  in  the  warm 
temperate  region  of  southeastern  North  Amer- 
ica. Its  geologic  history  goes  back  to  the 
Upper  Cretaceous,  species  having  been  recog- 
nized along  the  Atlantic  coast  from  North 
Carolina  northward  in  beds  of  that  age.  •  Thus 
there  is  no  reason  why  it  should  not  have  been 
present  in  the  early  Tertiary  of  the  embayment 
unless  the  chmate  was  too  warm. 

The  Moraceae,  by  far  the  largest  family  of 
the  order  Urticales  and  the  only  one  certainly 
represented  in  the  Wilcox  flora,  contains  be- 
tween 900  and  1,000  existing  species  segre- 
gated among  about  55  genera,  of  which  the 
genus  Ficus  is  by  far  the  largest,  including 
about  60  per  cent  of  the  existing  species  of 
the  family.  The  Moracese  are  distinctly  trop- 
ical and  warm  temperate  types  and  are  most 
abundant  in  the  oriental  tropics,  although  the 
dominant  genus  Ficus  is  widespread  and  the 
family  also  is  largely  represented  in  the  South 
American  tropics. 

There  are  at  least  18  monotypic  genera,  of 
wliich  1  is  North  American,  4  South  American, 
4  African,  and  9  Australasian.  No  single  tribe 
is  confined  to  a  single  continental  area  and  all 
show  apparent  anomalies  of  distribution  due 
to  our  lack  of  knowledge  of  their  geologic  his- 
tory. The  genera  Ficus,  Artocarpus,  and 
Artocarpidium  go  back  to  the  base  of  the 
Upper  Cretaceous  and  numerous  other  genera 
appear  in  the  Eocene. 

There  are  23  species  of  MoracesB  in  the  Wil- 
cox flora.  The  genus  Artocarpus  is  repre- 
sented by  3  well-marked  species.  In  the  ex- 
isting  flora   the   two  score  known  species  of 
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Artocarpus  are  indigenous  to  the  southeastern 
Asiatic  region,  although  some  of  them  are  culti- 
vated in  all  tropical  countries.  The  breadfruit 
is  found  throughout  Oceanica  and  was  present 
in  Hawaii  and  the  Marquesas,  when  they  were 
first  visited  by  Europeans.  It  was  introduced 
into  the  West  Indies  in  1793.  Of  the  tribe 
Euartocarpeae,  of  which  Artocarpus  is  the 
largest  existing  genus,  5  genera  are  confined 
to  Central  and  South  America,  1  genus  is  con- 
fined to  tropical  West  Africa,  2  to  the  south- 
eastern Asiatic  region,  1  to  Borneo,  and  1 
ranges  from  Japan  to  Australia.  Though  the 
geologic  history  of  Artocarpus  is  only  imper- 
fectly known,  at  least  15  different  fossil  species 
have  been  described.  The  oldest  is  a  well- 
marked  form  based  on  characteristic  leaves 
and  parts  of  the  fruit  which  show  the  typical 
siuf ace  featiu^es.  It  has  been  fully  described 
by  Nathorst*  and  comes  from  the  Atane  beds 
(Cenomanian)  of  west  Greenland.  Slightly 
younger  is  a  less  well  defined  form  recorded 
from  the  Emscherian  of  Westphalia  and  the 
somewhat  doubtful  genus  Artocarpophylliun 
of  Dawson  from  the  Upper  Cretaceous  of  Van- 
couver Island.  Another  species  is  recorded 
from  the  Laramie  formation  and  the  genus 
is  widely  distributed  in  the  basal  Eocene 
of  North  America.  It  continues  in  the  GuK 
region  until  the  close  of  the  Oligocene,  the 
latest  recorded  occurrence  being  in  the  sands 
of  the  Alum  Bluff  formation  at  Alum  Bluff  on 
Apalachicola  River.  On  the  Pacific  coast  it  is 
found  in  deposits  in  California  and  Oregon 
which  are  referred  to  the  Miocene.  In  the 
European  area  it  occurs  in  the  Tongrian  of 
France,  the  Tortonian  of  Baden,  the  Pontian 
of  France  and  Italy,  and  the  Pliocene  of  Italy. 
It  is  present  in  both  the  Pliocene  and  Pleis- 
tocene of  the  island  of  Java. 

Artocarpus  is  said  to  be  represented  by  pet- 
rified wood  in  the  Oligocene  of  the  island  of 
Antigua,  and  it  was  evidently  a  member  of  the 
American  flora  from  the  Upper  Cretaceous 
until  late  in  the  Tertiary,  although,  like  the 
genera  Cinnamomum,  Nipa,  Phcpnix,  and  the 
like,  it  is  not  represented  in  post-Pleistocene 
American  floras.  An  extinct  genus  related  to 
Artocarpus  and  named  Artocarpoides  by  Sa- 
porta,  who  described  several  species  from  the 


Paleocene  of  France,  is  represented  by  a  single 
Wilcox  species. 

The  genus  Cecropia,  which  includes  about  40 
existing  species  confined  to  the  Tropics  of 
South  America,  has  2  species  in  the  Aquita- 
nian  of  Bohemia,  and  the  Midway  ( ?)  and  Wil- 
cox form  described  as  Ficus  sp.  is  very  prob- 
ably a  representative  of  this  genus. 

The  genus  Pseudolmedia,  which  has  5  ex- 
isting species  in  the  American  Tropics,  has  a 
well-marked  species  in  the  Wilcox  flora.  As 
far  as  I  know,  it  has  not  heretofore  been  re- 
corded in  the  fossil  state,  although  it  is  prob- 
able that  some  of  the  numerous  fossil  species 
of  Ficus  may  represent  Pseudolmedia. 

The  genus  Ficus  is  represented  by  many  spe- 
cies in  the  Wilcox  flora,  no  less  than  18  hav- 
ing been  described,  and  a  niunber  of  these  are 
individually  abundant.  They  include  the  nar- 
row lanceolate  forms  of  the  Ficus  elastica  type 
with  close-set  laterals,  as  well  as  open-veined 
lanceolate,  forms  and  the  shorter  and  broader 
palmately  veined  forms.  None  are  lobate  or 
have  toothed  margins.  Ficus  was  evidently 
much  more  abundant  and  varied  along  the 
Wilcox  coast  than  it  is  to-day  throughout  the 
West  Indies  and  was  more  nearly  comparable 
in  this  respect  with  the  numerous  forms  of  figs 
in  the  East  Indies  or  in  tropical  South  America. 

The  number  of  fossil  forms  that  have  been 
referred  to  Ficus  are  very  numerous,  including 
perhaps  300  species.    None  are  certainly  known 
from  the  Lower  Cretaceous,  the  genus  Fico- 
phyllum '    being    entirely    doubtful.     In    tho 
Upper  Cretaceous,  however,  Ficus  is  very  i^dde- 
spread  and   abundant,  being  represented   by 
characteristic  fruits  as  well  as  leaves,  which 
seemingly  indicates  a  Lower  Cretaceous  ances- 
try as  yet  unknown.     The  Cenomanian  has 
furnished  3  species  in  Greenland,  6  along  the 
Atlantic  coast,  and  24  in  the  interior  of  North 
America,  as  well  as  11  in  Saxony,  Bohemia, 
and  Moravia.     The  succeeding  Turonian  fur- 
nishes 4  species  in  Bohemia  and  the  Tyrol  and 
several  in  North  America  (Tuscaloosa,  Mago- 
thy,    Black   Creek,    and   Eutaw   formations). 
Later  Upper  Cretaceous  horizons  have  numer- 
ous species  of  Ficus  throughout  North  America 
and  Europe,  as  well  as  in  Greenland,  Austra- 
lia, and  New  Zealand.     This  cosmopolitanism 


1  Nathorst,  A.  O.,  Kongl.  Svenska  Vet.-Akad.  Uandl.,  Bd.  24,  No.  1, 
10  pp.,  1  pi.,  1890. 
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continues  throughout  the  Tertiary,  there  be- 
ing about  50  Eocene  species,  about  60  Oligo- 
cene  species,  90  Miocene  species,  and  20  Plio- 
cene species.  Africa  is  added  to  the  record  in 
the  basal  Oligocene  and  Asia  in  the  Miocene. 

The  fossil  records  will  have  to  be  much  more 
complete  before  the  original  center  of  radia- 
tion of  the  MoraceaB  can  be  determined.  The 
present  brief  sketch  merely  indicates  that  not 
only  Ficus  but  other  genera,  like  Artocarpus, 
which  are  entirely  oriental  in  the  present,  were 
normal  elements  in  North  American  floras  from 
the  time  of  the  modernization  of  these  floras  at 
the  beginning  of  the  Upper  Cretaceous.  Along 
our  east  cotot  they  apparently  became  re- 
stricted in  their  range  at  the  dawn  of  the  Mio- 
cene, and  they  apparently  never  after  became 
as  important  in  southeastern  North  America 
as  they  had  been  or  as  they  are  in  the  recent 
flora  of  the  Orient. 

The  order  Proteales  includes  the  single 
family  Proteaceae,  which  has  about  1,000  exist- 
ing species.  They  include  the  prominent  ar- 
borescent forms  of  Choripetalae  in  the  Southern 
Hemisphere,  to  which  region  all  but  the  four 
genera  Roupala,  Protea,  Leucospermum,  and 
Hehcia  are  confined.  They  are  usually  con- 
sidered as  Austrahan  types,  and  in  fact  most  of 
the  genera  and  species  are  confined  to  that  con- 
tinent, yet  there  are  4  genera  in  South  America 
which  together  contain  more  than  50  existing 
species;  several  genera  are  peculiar  to  the 
African  flora;  and  the  genus  HeUcia  is  pre- 
dominantly Asiatic. 

The  geologic  history  of  the  Proteacew  affords 
a  most  striking  example  of  the  great  difference 
in  geographic  distribution  in  former  ages  from 
what  could  possibly  be  inferred  from  a  study  of 
the  present  geographic  distribution  of  the  mem- 
bers of  this  family,  although  some  significant 
features  in  the  distribution  of  the  recent  forms 
will  be  mentioned  subsequently. 

The  discovery  of  fossil  forms  of  ProteacesB  in 
the  Tertiary  deposits  of  Europe  was  the  in- 
spiration of  a  considerable  hterature  ^  and  was 
the  occasion  of  a  rather  acrimonious  contro- 
versy regarding  their  botanic  affinity.  This  is 
well  illustrated  in  the  dissenting  opinions  ex- 
pressed by  the  botanists  Hooker  and  Bentham, 
who  both  regarded  fossil  leaves  as  imdetermi- 
nable.     If  this  be  granted,  it  is  diflScult  to  see 


1  See  the  writixigs  of  Unger,  Heer,  Ettingshausen,  Schimper,  Schenk, 
and  Saporta. 


how  they  could  arrive  at  any  other  conclusion.' 
Their  opinion,  however,  is  refuted  by  the  pres- 
ent distribution  of  certain  genera.  For  ex- 
ample, the  genus  Roupala  includes  36  species 
in  tropical  America,  2  in  New  Caledonia,  and  1 
in  Queensland;  the  genus  Embothrium  4  An- 
dean species  and  1  in  Australia;  the  genus 
Lomatia  3  species  in  Chile,  4  in  Australia,  and 
2  in  Tasmania.  It  follows,  unless  one  is  pre- 
pared to  subscribe  to  the  doctrine  of  special 
creation  for  each  continent  or  to  the  inde- 
pendent evolution  on  separate  continents  of 
different  species  of  the  same  genus,  that  during 
their  geologic  history  these  genera  must  have 
ranged  over  intervening  areas,  so  that  if  the 
Cretaceous  and  Tertiary  plants  of  the  Northern 
Hemisphere  whose  fruits  and  leaves  resemble 
those  of  the  Proteacese  are  not  related  to  the 
genera  which  they  most  resemble,  then  forms 
whose  leaves  and  fruit  resemble  those  of  other 
famiUes  must  be  fossil  Proteacese,  which  cer- 
tainly seems  absurd.  As  a  matter  of  fact, 
though  exception  may  justly  be  taken  to  some 
determinations  of  Unger,  Ettingshausen,  and 
Heer,  these  doubtful  determinations  in  no  wise 
affect  the  main  body  of  facts.  There  is  so 
much  collateral  evidence,  furnished  for  example 
by  the  geologic  history  of  the  Araucarian  coni- 
fers, and  the  history  of  the  Proteacese  is  so 
similar  to  that  of  the  Myrtacese  and  Legumi- 
nossd — the  two  other  great  famiUes  of  the  ex- 
isting AustraUan  flora — that  it  seems  to  be  con- 
clusive. The  present  distribution  of  some  of 
the  more  significant  genera  of  Proteaceae  is 
shown  on  the  accompanying  sketch  map  (fig.  6). 

Those  who  foUow  the  opinion  of  Hooker  or 
Bentham  will  now  see  on  turning  to  the  fossil 
record  how  vast  and  substantial  are  the  sup- 
posed illusions  of  the  paleobotanists.  In  addi- 
tion to  the  two  extinct  genera  in  the  Wilcox 
flora  I  have  fossil  records  of  32  genera  of  Pro- 
teaceae, although  this  number  is  increased  by 
the  joint  usage,  according  to  taste,  of  names 
like  Dryandra  and  Dryandroides,  Banksia  and 
Banksites.  A  brief  consideration  of  these 
genera  with  fossil  representatives  will  prove 
useful.  The  list  is  not  complete,  but  is  suffi- 
ciently so  for  the  purpose  of  this  discussion. 

The  genus  Protea  Linn6,  from  which  the 
family  takes  its  name,  includes  about  60  exist- 
ing species  which  occupy  disconnected  areas  in 
central  and  South  Africa.  To  it  have  been 
referred    a    middle    Cretaceous    species    from 
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Saxony;  3  Aquitanian  species  from  Prussia, 
Bohemia,  and  Greece;  1  species  from  the  Bnr- 
digalian  of  Italy;  1  from  the  Helvetian  of 
Switzerland,  and  1  from  the  Messinian  of  Italy. 
Allied  to  Protea  but  possibly  more  generalized 
is  the  genus  Proteoides  of  Heer,  which  includes 
several  Tertiary  species  and  15  Upper  Creta- 
ceous species.  There  are  2  species  each  in  the 
Cenomanian  of  Bohemia  and  Lesina,  2  in  the 
Atane  beds  of  Greenland,  3  in  the  Dakota  sand- 
stone of  North  America,  1  in  the  Tuscaloosa 
formation  of  Alabama,  1  in  the  Middendorf 
arkose  member  of  the  Black  Creek  formation  of 
South  Carolina,  1  in  the  Cretaceous  of  Australia, 


genus  Cenarrhenes  Labill,  which  includes  1  ex- 
isting species  in  Tasmania,  contains  a  single 
species  represented  by  both  foliage  and  fruit 
in  the  Miocene  of  Camiola,  based  on  a  deter- 
mination by  Ettingshausen,  which  may  well 
be  viewed  with  suspicion.  The  genus  Cono- 
spermum  Smith,  which  contains  about  33  ex- 
isting species  in  Australia,  includes  2  fossil 
species  in  the  Oligocene  of  Styria  and  1  in  the 
Miocene  of  Camiola.  The  somewhat  less  defi- 
nite genus  Conospermites  (Ettingshausen,  1867) 
is  represented  by  a  fossil  species  in  the  Upper 
Cretaceous  of  Australia  and  another  in  the 
Cenomanian  of  Saxony  and  Bohemia.     Fon- 


FiQUBB  6.— Sketch  map  showing  the  present  area  of  distribution  of  the  more  important  genera  of  Proteacese. 


2  in  the  Vancouver  Island  Cretaceous,  and  1  in 
the  Senonian  of  Saxony. 

The  genus  ProteophyUum  Velenovsky,*  a 
still  more  generalized  proteaceous  type,  in- 
cludes 7  species  (Saporta,  1894)  in  the  Albian 
(Vraconian)  of  Portugal  and  8  species  in  the 
Perucer  beds  (Cenomanian)  of  Bohemia.  An- 
other generalized  type  is  Proteopsis  Velenov- 
sky,  which  is  represented  by  a  single  species  in 
the  Cenomanian  of  Bohemia.  The  genus  Pro- 
tesephyllum  of  Fontaine,  containing  2  species 
in  the  Patuxent  formation  (Neocomian)  of 
Virginia,  I  regard  as  entirely  worthless.^     The 

t  Velenovsky,  J.,  Kvfttena  6eskr<ho  cenomanu,  p.  18, 1889. 
9  Berry,  E.  W.,  Maryland  Geol.  Survey ,  Lower  Cretaceous,  pp.  494-499, 
1911. 


taine's  determination  of  a  species  of  Conosper- 
mites in  the  Lower  Cretaceous  of  Virginia  I 
regard  as  worthless. 

The  genus  Helicia  Loureiro  is  of  especial 
interest,  since  it  is  foimd  farther  north  in  the 
existing  flora  than  any  member  of  the  famUy. 
There  are  about  25  modem  forms,  mostly  Indo- 
Malayan,  as  shown  on  the  map  (fig.  6),  but  a 
few  still  survive  in  Australia,  or  have  recently 
spread  to  that  contment.  The  fossil  record 
includes  a  species  in  the  Oligocene  of  Styria 
and  another  in  the  Pliocene  of  Italy.  The 
genus  Lambertia  Smith,  which  includes  8  ex- 
isting Australian  species,  contains  a  single 
fossil  species  in  the  Miocene  of  Camiola.  The 
genus   Hakea   Schrader,    which   contains    lOO 
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recent  Australian  apecies,  is  represented  by  11 
fossil  species  in  the  Oligocene  of  Europe,  in 
France,  the  Tyrol,  Saxony,  and  Greece,  and  by 
no  less  than  17  species  in  the  Miocene  of  France, 
Italy,  Switzerland,  Baden,  Hesse,  Prussia,  Bo- 
hemia, Austria,  Styria,  Croatia,  and  Hungary. 

The  genus  Knightia  R.  Brown,  which  in- 
cludes a  modem  species  in  Australia  and  2  in 
New  Caledonia,  includes  a  fossil  form  in  the 
Oligocene  of  Australia  and  another  in  Graham 
Land  (Antarctic  Continent)*  in  beds  which  are 
regarded  as  Oligocene.  The  allied  genus 
Knightites  Saporta  contains  2  species  from  the 
Sannoisian  of  France. 

The  remarkable  genus  Lomatia,  previously 
mentioned,  is  represented  by  4  existing  spe- 
cies in  Australia,  2  in  Tasmania,  and  3  in  Cliile. 
As  might  be  expected  from  these  modem  iso- 
lated occurrences,  there  are  over  30  fossil  spe- 
cies, some  of  them  based  on  associated  leaves 
and  fruits.  The  oldest  of  these  species  are  2 
(perhaps  wrongly  identified)  in  the  Dakota 
sandstone.  Eocene  fonns  include  species  from 
the  Green  River  formation  of  North  America, 
an  Ypresian  species  from  the  south  of  England, 
and  an  Italian  species.  There  are  about  IS 
Oligocene  species,  some  of  which  are  very 
characteristic.  They  occur  in  the  Tyrol, 
Saxony,  Baltic  Prussia,  Styria,  Australia,  and 
Tasmania,  and  the  relatively  large  number  of 
4  are  recorded  by  Dus^n  from  Graham  Land. 
The  Australian  and  Tasmanian  forms  may  be 
Miocene  instead  of  Oligocene.  About  a  dozen 
Miocene  species  have  also  been  recorded  from 
such  widely  separated  areas  as  Colorado,  Swit- 
zerland, and  Camiola.  The  characteristic  de- 
tails seen  in  the  wonderfully  preserved  leaves 
in  the  volcanic  ash  beds  at  Florissant,  Colo., 
from  which  7  forms  of  Lomatia  have  been  de- 
scribed, leave  no  doubt  as  to  the  validity  of 
the  generic  identification. 

The  allied  genus  Lomatites  Saporta  is  rep- 
resented by  a  Cenomanian  species  in  Saxony 
and  5  or  6  Oligocene  species  in  France.  The 
genus  Stenocarpus  R.  Brown,  of  which  11  ex- 
isting species  have  been  found  in  New  Cale- 
donia and  3  additional  species  at  other  places, 
ranging  from  North  Australia  to  New  South 
Wales,  has  a  single  fossil  species  in  the  Oligo- 
cene of  Saxony. 


The  genus  Persoonia  Smith  contains  60  ex- 
isting species  in  AustraUa  and  1  in  New  Zea- 
land. The  fossil  record  includes  2  widely  dis- 
tributed species  in  the  Upper  Cretaceous  of 
North  America;  1  in  the  Eocene  of  England; 
4  in  the  Oligocene  of  Tyrol,  Saxony,  Styria, 
and  Greece,  and  10  in  the  Miocene  of  France, 
Italy,  Switzerland,  Baden,  Bohemia,  Styria, 
Croatia,  Camiola,  and  Slavonia.  Deane  records 
a  Tertiary  species  from  New  South  Wales.  A 
large  number  of  these  fossil  forms  of  Persoonia 
are  not  especially  convincing,  but  certainly  the 
three  European  species  Persoonia  cuspidata,  P, 
daphnes,  and  P.  myrtiUus  of  Ettingshausen,^ 
which  have  the  leaves  associated  with  char- 
acteristic fruits,  are  above  suspicion. 

Bowerbank,  in  his  classic  study  of  the  pyrit- 
ized  fruits  and  seeds  from  the  Isle  of  Sheppey, 
established  a  genus  which  he  called  Petro- 
philoides  from  its  resemblance  to  the  genus 
Petrophila  R.  Brown,  which  includes  about  35 
existing  species  in  Australia,  most  of  which 
are  confined  to  West  Australia.  Bowerbank 
described  several  species,  one  of  which  was 
shown  by  Starkie  Gardner  to  be  an  AJnus  fruit, 
and  others  have  been  referred  to  Sequoia. 
Ettingshausen  ^  in  the  study  of  the  Sheppey 
fruits,  after  careful  comparisons,  retained  three 
English  Eocene  species  and  the  genus  has  also 
been  recognized  in  the  Sannoisian  of  Dalmatia 
and  Styria. 

The  genus  Leucadendrites  was  established 
by  Saporta  for  a  Sannoisian  species  of  south- 
eastern France  from  its  resemblance  to  Leuca- 
dendron  Hermann,  which  includes  more  than 
70  existing  species  in  South  Africa. 

The  genus  Grevillea  R.  Brown  contains  56 
existing  species  which  are  confined  to  Australia. 
The  fossil  record  includes  a  Cretaceous  species 
in  Australia;  2  Cenomanian  species  in  Bohemia 
(Grevilleophyllum  Velenovsky ) ;  3  Eocene  spe- 
cies in  England,  France,  and  Italy;  12  Oligo- 
cene species,  mostly  in  southern  France  but 
also  represented  in  Saxony,  Tyrol,  Bohemia, 
Styria,  and  Greece;  and  12  Miocene  species  in 
France,  Switzerland,  Bohemia,  and  Croatia. 

The  genus  Embothrimn  Forster,  already 
alluded  to,  includes  4  existing  species  in  South 
America,  which  range  from  Chile  to  the  Straits 
of  Magellan,  and  1  species  in  Australia.     This 


1  Dus^n,  P.  C.  H.,  WIsseaschaftliche  Ergebnisse  der  Schwedischen         »  Ettinpshausen,  C.  von,  K.  Akad.  Wiss.  Wien,  Math.-Nat.  Cl.,  Sit»- 
SQdpo!ar-ExpeditIon.  1901-1903,  Bd.  3,  Lief.  3,  p.  7,  pi.  1,  figs.  7,  9, 11,      ungsbcr.,  Bd.  7,  pp.  718-719,  pi.  30,  flgs.  eV-14,  1851. 
1908.  » Roy.  Soc.  London  Proc.,  vol.  29,  p.  394, 1879. 
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widely  isolated  occurrence  is  explained  when 
the  fossil  record  is  combined  with  the  occur- 
rences referred  to  Embothrites,  Embothriopsis, 
and  Embothriophyllum.  To  Embothrium  are 
referred  8  Oligocene  species  of  Styria  and 
Greece  and  4  Miocene  species  of  Baden,  Styria, 
Croatia,  and  Hungary.  To  Embothriopsis 
HoUick  is  referred  a  single  species  from  the 
Long  Island  middle  Cretaceous. 

Dus6n  includes  a  single  species  from  the  sup- 
posed Oligocene  of  Graham  Land  in  Embo- 
thriophyllmn.  The  genus  Embothrites  linger 
contains  a  doubtful  species  from  the  Dakota 
sandstone;  6  Qhgocene  species  from  France, 
Tyrol,  Styria,  Camiola,  and  Greece;  and  3 
Miocene  species  in  Croatia  and  Bohemia. 

The  genus  Dryandra  R.  Brown  is  represented 
b}^  about  50  existing  species  in  Australia.  The 
fossil  forms  have  caused  much  discussion  and 
have  been  referred  back  and  forth  between  this 
genus  and  Comptonia  and  Myrica.  The  forms 
retained  in  Dryandra  include  a  Cenomanian 
species  in  Bohemia  and  Moravia,  an  Eocene 
species  in  France,  2  Oligocene  or  Miocene 
species  in  AustraUa,  and  an  Oligocene  species 
in  Greece.  The  allied  forms  referred  to  the 
genus  Dryandroides  Unger  include  5  Upper 
Cretaceous  species  in  Europe  and  North 
America;  an  Oligocene  or  Miocene  species  in 
Tasmania;  4  Oligocene  species  in  Italy,  Tyrol, 
Saxony,  Styria,  and  Greece,  and  a  Miocene 
species  in  Bohemia. 

The  allied  genus  Banksia  Linn6  fils,  also  con- 
fined to  Australia  in  the  existing  flora,  contains 
3  Upper  Cretaceous  species,  all  restricted  to 
the  North  Temperate  Zone;  3  Eocene  species, 
1  Alaskan  (?)  and  2  English;  12  OUgocene 
species  widely  distributed  in  Europe;  16  Mio- 
cene species  equally  widespread  in  Europe,  and 
a  Pliocene  species  in  Italy.  The  7  Australian 
species  are  not  older  than  Oligocene  and  they 
may  be  Miocene.  Three  well-marked  species 
from  the  Wilcox  have  been  referred  to  this 
genus. 

The  allied  genus  Banksites  Saporta  is  repre- 
sented by  a  Cenomanian  species  in  Bohemia 
and  by  several  Tertiary  species  from  Europe 
hopelessly  entangled  in  the  literature  with 
Banksia,  Dryandra,  and  Dryandroides. 

The  genus  Roupala  Aublet  (Rhopala),  whose 
pecuUarly  isolated  outliers  in  Queensland  and 
New  Caledonia  have  already  been  mentioned, 
is  common  in  northern  South  America,  extend- 


ing northward  to  Guatemala.  Fossil  forms  are 
recorded  from  the  Cenomanian  of  Saxony,  from 
the  Oligocene  of  Australia,  and  from  the  Aqui- 
tanian  of  Switzerland.  In  addition  Saporta 
described  a  Rhopalospermites  from  the  lower 
Oligocene  of  France.  A  species  of  Khopalo- 
phyllimi  has  been  described  from  the  Upper 
Cretaceous  (?)  of  Australia  and  another  species 
from  the  Miocene  of  Styria.  The  genus  Hakea 
also  has  been  mentioned  frequently  in  descrip- 
tions of  the  European  Tertiary  floras,  and  re- 
cently Clement  Reid  has  identified  character- 
istic follicles  from  the  Pliocene  of  Holland. 

The  geologic  history  sketched  here  is  neces- 
sarily fragmentary,  but  I  think  the  fossil  forms 
are  sufficient,  after  doubtful  determinations  are 
excluded,  to  show  that  the  Proteaceee  originated 
in  the  Northern  Hemisphere,  first  appearing  at 
the  close  of  the  Lower  Cretaceous  epoch  and 
becoming  practically  cosmopolitan  in  Upper 
Cretaceous  time,  when  they  reached  the  Aus- 
tralian region  from  southeastern  Asia.  New 
Zealand  must  have  already  been  segregated 
but  not  the  land  mass  now  represented  by  New 
Caledonia.  Dming  the  early  half  of  the  Ter- 
tiary period  Afiica  and  southern  Europe  were 
essentiaUy  a  single  floral  province,  and  in  the 
Western  Hemisphere  the  Proteaceee  ranged 
from  the  United  States  through  South  America 
and  an  unknown  distance  across  the  Antarctic 
Continent.  Concomitant  with  the  continent 
building  and  the  consequent  climatic  changes 
of  the  Miocene  epoch  the  area  of  distribution 
commenced  that  shrinking  which  culminated 
during  the  Pleistocene  epoch,  leaving  the 
stranded  remnants  of  the  stock  in  the  present 
widely  separated  localities  of  the  Southern 
Hemisphere.  Not  all  the  modem  genera  took 
part  in  these  migrations,  since  the  local  pecuU- 
arities  of  poor  soil  and  rigorous  climate,  com- 
bined with  relative  freedom  from  outside  com- 
petition, were  the  factors  that  stimulated  the 
evolution  of  forms  in  Austraha  during  the  Ter- 
tiary period  in  exactly  the  same  manner  as  the 
peculiar  Australian  genera  of  Myrtace«e  and 
Legum'mosae  were  evolved. 

The  Wilcox  species  of  Proteaceee  include  6 
forms,  which  are  distributed  in  4  genera.  In 
addition  a  probable  Banksia  fruit  is  retained  in 
CarpoUthus.  These  genera  are  Paleeodendron, 
Proteoides,  Knightiophyllum,  and  Banksia. 
The  genus  Palaeodendron,  not  heretofore  men- 
tioned, was   proposed   by   Saporta    for   small 
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entire  coriaceous  leaves  from  the  Sannoisian  of 
southern  France  and  is  an  entirely  extinct  type. 
It  is  sparsely  represented  in  the  Wilcox  by  a 
single  species.  The  genus  Proteoides  was  es- 
tablished by  Heer  for  generalized  proteaceous 
types,  which  are  well  represented  in  the  Upper 
Cretaceous  floras  of  the  embayment  area  as 
well  as  elsewhere.  It  is  represented  in  the 
Wilcox  by  a  single  well-marked  species  that  is 
confined  to  the  Holly  Springs  sand  and  Grenada 
formation.  The  genus  Knightiophyllum  is 
first  proposed  here  for  a  weU-marked  long- 
petioled  aquiline-toothed  coriaceous  form  which 
is  common  at  Puryear,  Tenn.  It  is  named  from 
its  resemblance  to  the  genus  Eoiightia  R. 
Brown,  which  contains  a  few  existing  species 
confined  to  the  Australian  region,  though  ap- 
parently it  was  represented  in  Europe  during 
the  Tertiary  period,  as  already  indicated. 

The  genus  Banksia  includes  3  Wilcox  species, 
2  of  which  are  particularly  well  marked  and  a 
probable  fruit,  CarpoUthus  proteoides.  It  is 
confined  in  the  existing  flora  to  the  Australian 
region  and  contains  about  50  species.  The 
other  genus  of  the  tribe  Banksiese  is  Dryandra 
R.  Brown,  which  also  includes  about  50  exist- 
ing species  confined  to  the  Australian  region. 
It  is  much  like  Banksia  in  its  foliar  characters. 
Both  genera  are  abundant  in  the  European 
Tertiary  formations  and  imdoubtedly  enjoyed 
a  more  or  less  cosmopolitan  range  during  the 
early  Tertiary  period.  Their  ancestors  prob- 
ably entered  the  AustraUan  region  during  the 
Upper  Cretaceous  epoch,  probably  by  way  of 
the  Antarctic  continent,  and  became  adapted 
to  the  peculiar  soils  and  climate,  but  the  stock 
in  the  Northern  Hemisphere  appears  to  have 
been  unabla  to  stand  the  climatic  changes  and 
competition  during  the  Tertiary  period,  and 
thus  became  extinct. ' 

The  Aristolochiales  is  placed  by  some  stu- 
dents among  the  GamopetalsB.  Jt  includes 
besides  the  Aristolochiace®  the  two  parasitic 
families,  the  Rafflesiaceae  and  HydneraceaB, 
altogether  containing  about  235  existing  spe- 
cies, of  which  205  belong  to  the  Aristolochiaceae, 
the  only  family  of  this  order  represented  in 
the  Wilcox  flora.  The  genus  Aristolochia,  to 
which  a  typicsA  fruit  from  the  Wilcox  is  referred, 
is  found  in  the  American  Upper  Cretaceous  and 
in  both  Europe  and  America  in  the  Tertiary. 
There  are  about  180  existing  species,  all  per- 
ennial herbs  or  climbing  vines  and  widely  dis- 


tributed in  both  tropical  and  temperate  re- 
gions. About  10  species  are  foimd  within  the 
United  States. 

The  order  Polygonales  includes  the  single 
family  PolygonacefiB  with  about  800  existing 
species  segregated  in  about  30  genera  and 
widely  distributed.  They  embrace  herbs, 
shrubs,  vines,  and  trees.  The  flowers  are 
mostly  cyclic,  and  in  their  morphologic  features 
show  some  evidences  of  transition  between 
the  previous  choripetalous  alliances  and  the 
Chenopodiales.  Except  the  widely  distributed 
and  much  differentiated  herbaceous  genera, 
Polygonum  and  Rumex,  the  family  is  essen- 
tially American.  The  geologic  history  of  the 
family  is  practically  unknown,  but  a  large  part 
of  the  specific  variation,  particularly  of  the 
temperate  herbaceous  forms,  seems  to  be  rela- 
tively modem.  The  family  is  represented  in 
the  Wilcox  by  the  single  genus  Coccolobis, 
which  is  represented  by  two  species  that  appear 
to  be  the  Eocene  prototypes  of  the  only  two 
existing  arborescent  species  of  Polygonaceae 
that  reach  the  United  States  (the  sea  grape  and 
the  pigeon  plum).  The  genus  Coccolobis  con- 
tains about  120  existing  species,  all  confined  to 
the  American  Tropics,  and  it  appears  to  be  of 
American  origin.  These  species,  most  of  which 
are  coastal  forms,  range  from  southern  Florida 
to  Mexico,  Central  America,  Brazil,  and  Peru. 
The  two  modem  species,  which  are  so  much 
Uke  these  two  ancestral  forms  in  the  Wilcox, 
are  strand  types,  found  from  the  Florida  Keys 
through  the  West  Indies  to  the  northern  coasts 
of  South  America.  The  conclusion  is  almost 
irresistible  that  the  Wilcox  forms  had  a  similar 
range  and  an  identical  habitat. 

The  genus  Ruprechtia  C.  A.  Meyer,  of  the 
Polygonace®,  which  include  about  a  score  of 
existing  species  of  shrubs  and  trees  in  tropical 
and  subtropical  America,  includes  a  species  in 
the  Tertiary  of  Bolivia. 

The  Chenopodiales  (CentrospermaB  of  Engler) 
include  10  families  which  culminate  in  the 
CaryophyllacesD  and  contain  about  3,500  exist- 
ing species.  They  appear  iUy  assorted  and 
show  a  wide  range  in  floral  and  other  morpho- 
logic characters.  Perhaps  a  majority  are  mod- 
em types.  The  single  family  Nyctaginaceae 
represents  this  order  in  the  Wilcox. 

The  Nyctaginaceae,  which  include  about  150 
existing  species,  are  predominantly  American. 
They  occur  within  the  limits  of  the  southern 
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United  States  on  the  north  and  Chile  and  Ar- 
gentina on  the  south.  The  genus  Pisonia 
Plumier,  the  only  genus  thus  far  found  in  the 
Wilcox  flora,  is  represented  by  three  well-marked 
species.  It  includes  about  40  existing  species, 
which  Uve  chiefly  in  the  American  Tropics^  and 
contains  the  only  arborescent  form  of  the  family 
found  within  the  United  States.  It  has  an 
extended  geologic  history,  well-marked  forms 
being  found  in  the  European  and  American  Up- 
per Cretaceous.  The  Wilcox  species  were  un- 
doubtedly strand  types,  as  are  so  many  of  the 
modem  species  which  inhabit  the  sea  beaches, 
the  shores  of  salt-water  lagoons  and  marshes,  the 
scrub  of  beach  ridges,  and  the  jungle  behind 
them.  In  the  existing  flora  Pisonia  is  associated 
with  Pithecolobiimi,  Reynosia,  Metopium,  Aca- 
cia, Bumelia,  Cordia,  Coccolobis,  Ocotea,  Fa- 
gara,  Mimusops,  Conocarpus,  Cassia,  Eugenia, 
Anona,  Ficus,  and  the  Uke,  exactly  as  it  was 
during  the  Wilcox  time.  Species  of  Pisonia 
occur  in  the  Upper  Cretaceous  of  the  Atlantic 
Coastal  Plain  (Black  Creek  formation),  as  well 
as  in  the  middle  (Claiborne)  and  upper  (Jack- 
son) Eocene. 

The  order  Ranales  appears  to  me  to  be  a 
highly  unnatural  assemblage,  which  doubtless 
explains  the  prolonged  discussion  and  wide  range 
of  opinion  regarding  its  true  status.  As  treated 
in  Engler  and  Prantl,  it  includes  16  families 
and  more  than  4,000  existing  species.  Though 
most  of  these  forms  have  a  distinct  calyx  and 
corolla,  this  feature  is  combined  with  such 
primitive  features  as  apocarpy  and  hypogyny, 
by  a  well-marked  tendency  to  indefinite  repeti- 
tion and  spiral  arrangement  of  the  floral  mem- 
bers. I  have  removed  the  Lauracese,  which 
contain  a  fourth  of  the  existing  species,  to  a 
place  in  the  more  evolved  order  Thymeleales. 

The  Ranales  as  a  whole  show  no  very  close 
filiation  with  earlier  allied  types.  They  include 
forms  that  are  more  nearly  monocotyledons  than 
dicotyledons  (Nymphfleaceae),  and  many  bota- 
nists (as  Wieland,  Arber,  and  Ilallier)  see  in 
them  the  zenith  of  evolution  of  the  Mesozoic 
Cycadophytes  and  thus  regard  them  as  repre- 
senting the  ancestral  stock  from  which  the 
angiosperms  were  descended — a  most  remark- 
able derivation,  apparently,  if  any  except  floral 
features  are  considered.* 


»  For  discussion  of  this  theory  see  recent  papers  by  Wieland,  Arber 
and  Parkin,  and  Uailicr. 


Since  I  regard  the  Ranalian  alliance  as  a 
plexus  containing  unrelated  elements,  any 
extended  consideration  of  their  geologic  history 
would  be  fruitless.  Certain  forms  are  well 
represented  among  the  oldest  known  angio- 
sperms in  the  middle  Cretaceous.  Only  two 
Ranalian  famihes,  the  MagnoUaceae  and  Anona- 
ceae,  are  represented  in  the  Wilcox  flora  and 
these  two  are  both  natural  groups,  closely  re- 
lated and  typically  Ranalian. 

The  family  MagnoliaceaB  comprises  about  70 
existing  species  segregated  into  9  or  10  genera, 
by  far  the  largest  of  which  is  the  genus  Mag- 
nolia, which  includes  about  21  species  of  eastern 
and  southern  Asia,  southern  Mexico,  and  the 
eastern  United  States.  The  family  is  mainly 
tropical,  and  most  of  the  existing  forms  occur 
in  southeastern  Asia,  the  magnoUas  of  that 
region  being  largely  foimd  in  tropical  uplands. 

There  are  many  apparent  anomalies  in  the 
distribution  of  the  recent  forms.  Thus,  none 
are  native  in  Eiu"ope,  although  Magnolia  per- 
sisted in  that  region  as  late  in  geologic  time 
as  the  early  Pleistocene.  Only  one  genus, 
Drimys  Forster,  occurs  in  South  America  or 
Australasia  and  a  species  is  recorded  by 
Deano  from  the  Tertiary  of  New  South 
Wales.  This  genus  extends  southward  from 
Mexico  along  the  Andes  to  Cape  Horn  and 
from  New  Zealand  and  Australia  northward 
to  Borneo,  a  range  which  suggests  that  it  will 
eventually  be  recorded  from  the  Antarctic 
Upper  Cretaceous  or  Tertiary  deposits.  There 
is  a  singular  pairing  of  forms  of  the  Magno- 
Uaceae  in  southeastern  Asia  and  southeastern 
North  America.  For  example.  Magnolia  in- 
cludes 14  Asiatic  species  and  7  American; 
Talamna  Jussieu  is  represented  by  3  species  in 
Farther  India  and  1  in  the  West  Indies;  Lirio- 
dendron  Linn6  and  Schizandra  Michaux  each 
contain  1  species  in  Asia  and  1  in  North 
America;  and  lUicium  Linn6  includes  5  Asiatic 
species  and  2  American.  The  genera  Michelia 
Linn6  (13  species)  and  Kadsura  Jussieu  (7 
species)  are  confined  to  southeastern  Asia,  and 
Zygogynum  Baillon  is  confined  to  the  island  of 
New  Caledonia. 

The  leaves  of  all  the  MagnoUaceae  are  entire 
and  are  more  or  less  eUiptical.  They  have  a 
coriaceous  texture,  many  of  them  are  ever- 
green, and  they  possess  a  characteristic  camp- 
todrome  venation.     Of  the  7  species  of  Mag- 


COMPOSITION   OF   THE   FLORA. 


89 


nolia  found  within  the  United  States,  Magnolia 
glauca  Linn6  ranges  northward  to  Massachu- 
setts and  Magnolia  acuminata  Linn6  to  New 
York  and  Ontario.  About  60  fossil  species 
have  been  referred  to  Magnolia.  These  species 
are  largely  based  on  leaves,  although  character- 
istic fruits,  and  at  least  two  specimens  of  parts 
of  flowers,  have  been  found  at  different  hori- 
zons. Magnolias  are  very  abundant  in  both 
individuals  and  species  in  the  middle  Cretaceous 
(Cenomanian-Turonian),  especially  in  North 
America,  where  they  are  found  along  the  Cre- 
taceous Atlantic  coast  from  Greenland  south- 
ward to  Texas  and  are  equally  abundant  about 
the  borders  of  the  advancing  interior  sea  repre- 
sented by  the  deposits  known  as  the  Dakota 
sandstone.  They  are  much  less  common  in 
Europe  and  the  genus  is  either  of  American  or 
Arctic  origin.^ 

The  Eocene  records  include  4  species  of  Mag- 
nolia from  the  Arctic  region  and  13  additional 
forms,  most  of  them  American  but  a  few 
European.  The  Oligocene  series,  which  in 
America  carries  no  plant  beds,  contains  in  its 
upper  beds  in  Europe  several  species  of  Mag- 
nolia. About  8  Miocene  species  are  recorded, 
the  majority  of  which  are  American.  The 
Pliocene,  also  largely  unrepresented  by  plant 
beds  in  America,  contains  5  or  6  species  in 
Europe  and  1  is  foimd  in  the  early  Pleistocene 
of  that  region.  Magnolia  seems  to  have  been 
abundant  along  the  shores  of  the  extended 
Mediterranean  Sea  of  the  Pliocene  and  to  have 
subsequently  been  entirely  exterminated  in  that 
region  by  the  glaciation  of  the  Pleistocene,  but 
it  survived  in  both  North  America  and  Asia  by 
reason  of  the  prevalent  northward  trend  of  the 
mountain  ranges.  Some  of  the  other  genera  of 
the  MagnoUacese  are  represented  by  scattered 
fossil  species,  but  the  record  is  too  incomplete 
to  permit  generaUzations.  A  survey  of  all  the 
facts  leads  me  to  consider  America  as  probably 
the  original  home  of  MagnoUa.  Despite  the 
massing  of  the  existing  forms  in  the  eastern 
United  States  and  their  extension  to  the 
Arctic  region  in  the  Eocene,  they  probably 
originated  in  a  warm  temperate  or  subtropical 
latitude,  spread  northward  across  the  Arctic 
region  to  Eurasia,  and  were  cosmopoUtan  later 
in  the  Tertiary.     They  became  restricted  to 

<3aporta,  G.  de,  FlorQ  fossUe  dii  Portugal,  p.  194,  pi.  35,  fig.  5,  1894 
Jfo^no/iadr/yodoi  Saporta,  recorded  from  the  Albion  of  Portugal,  Isalmost 
ootoinly  not  a  Magnolia. 


the  southeastern  parts  of  Asia  and  North 
America  by  the  aridity  that  accompanied  up- 
lift, so  well  illustrated  in  the  Eocene  and  later 
history  of  the  Rocky  Mountain  and  Great 
Plains  provinces,  and  were  finally  exterminated 
in  Europe  by  the  Pleistocene  glaciation. 

Lesquereux  referred  two  forms  of  the  Wilcox 
of  northern  Mississippi  to  Magnolia,  but  both 
prove  to  be  species  of  Torminalia,  as  Les- 
quereux had  surmised  in  his  preUminary 
studies.  The  genus  Magnolia  is,  however,  rep- 
resented in  the  Wilcox  bv  two  large-leafed 
species,  both  of  which  are  conunon  to  the  basal 
Eocene  of  the  Rocky  Mountain  province. 
Neither  shows  any  close  affinity  with  the  ante- 
cedent Upper  Cretaceous  forms,  which  are  so 
common  in  the  embayment  area  of  Alabama 
and  northeastward  along  the  Atlantic  Coastal 
Plain. 

The  family  AnonacesB  contains  about  700 
existing  species,  which  are  distributed  among 
about  48  genera,  only  two  of  which  Uve  in 
North  America.  The  family  is  practically  con- 
fined to  the  Tropics,  a  single  Australian  species, 
and  the  North  American  genus  Asimina,  which 
contains  6  or  7  species,  being  the  only  conspicu- 
ously extratropical  forms.  The  area  of  maxi- 
mum representation  is  southeastern  Asia  and 
the  adjoining  region  of  Malaysia,  for  though 
only  16  genera  are  confined  to  this  region  they 
contain  more  than  350  species,  and  6  additional 
genera  (Miliusa,  Uvaria,  Polyalthia,  Oxymitra, 
Melodorum,  and  Poporvia),  which  contain  more 
than  250  species,  are  represented  by  most  of 
their  species  in  this  area.  The  family  ranks 
fifth  in  number  of  species  in  the  flora  of  the 
Malay  Peninsula  and  Borneo.  Only  a  single 
genus  is  confined  to  Austraha,  and  most  of  the 
AustraUan  species  are  regarded  as  migrants 
from  the  Malaysian  area.  Tropical  Africa 
contains  more  than  100  species  and  6  peculiar 
genera  and  America  about  200  species  and  10 
peculiar  genera.  These  forms  are  all  confined 
to  the  Tropics,  except  a  species  of  Anona, 
which  reaches  the  coast  of  peninsular  Florida, 
and  the  genus  Asimina,  which  includes  6  or  7 
species  of  shrubs  and  small  trees  of  the  South 
Atlantic  and  GuH  States.  One  of  these,  Asi- 
mina triloba  Dunal,  is  hardy  as  far  north  as 
New  York,  the  farthest  distance  from  the 
Equator  at  wliich  any  existing  member  of  the 
family  is  found.  The  fossil  record  of  the 
Anonaceae  is  very  incomplete.     Only  the  genera 
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Anona  Linn6  and  Asimina  Adanson  are  known 
with  certainty  and  both  are  present  in  the 
Wilcox  flora.  Seeds  of  Monodorospermum, 
named  from  their  resemblance  to  those  of  the 
West  African  genus  Monodora,  are  described  by 
Warbm'g  from  the  late  Tertiary  of  the  Dutch 
East  Indies  (Banka).  The  extinct  genus  Jong- 
mansia  is  based  on  seeds  from  the  Dutch 
Pliocene. 

The  genus  Anona  includes  15  to  20  fossil 
specieS;  five  of  which  are  also  represented  by 
seeds.  The  oldest  species  comes  from  the 
Dakota  sandstone.  A  second  species  is  found 
in  the  late  Cretaceous  or  eiarly  Eocene  of  the 
Rocky  Mountain  province.  The  flora  of  the 
Wilcox  affords  a  glimpse  into  the  true  stage  of 
evolution  of  Tertiary  floras  in  that  expanded 
belt  of  the  American  equatorial  region  which 
was  the  center  of  radiation  of  so  many  recent 
types.  There  were  4  exceedingly  well-marked 
species  of  Anona  along  the  WUcox  coast,  and 
their  leaves  are  very  common  at  some  localities, 
although  no  seeds  have  yet  been  discovered.  I 
assimie  that  these  Wilcox  forms  had  habits 
similar  to  those  of  most  of  the  existing  species, 
exempUfied  by  Anona  glabra  Linnfi,  the  pond 
apple  of  Florida,  which  frequents  shaQow 
fresh-water  swamps,  low  shady  hammocks,  or 
stream  borders  near  the  coast.  Other  species 
occur  in  the  low  coppice  association  or  on  edges 
of  brackish  swamps  on  the  Bahamas.  The 
cultivated  species,  as  the  American  Anona  re- 
ticulaia  Linn6,  which  is  planted  in  Guam,  often 
spread  naturally  along  the  inner  beaches, 
though  attempts  to  introduce  others  of  the 
most  highly  esteemed  American  species  into  the 
Orient  have  failed.  From  the  prevalent  habit 
among  the  existing  species,  the  growth  in  wet 
shaded  soils  is  evidently  an  old  characteristic, 
and  as  the  Wilcox  anonas  are  associated  with  a 
strand  flora,  the  assumption  that  they  grow  on 
the  inner  beaches  or  the  shaded  and  swampy 
edges  of  lagoons  possesses  every  degree  of 
probabihty. 

In  the  pipe  clays  of  Alum  Bay,  which  are  con- 
temporaneous with  the  Wilcox,  there  are  2 
species  of  Anona,  and  Engelhardt  has  described 
2  species  from  the  Eocene  or  OUgocene  of  Chile. 
The  Ohgocene  record  shows  a  species  in  France 
and  another  in  Saxony.  In  the  Miocene  there 
are  2  species  each  in  England,  Styria,  and 
Croatia,  and  1  each  in  Bohemia,  Transylvania, 
and  Colorado.     There  is  1  species  in  the  Pho- 


cene  of  France  and  1  in  that  of  Italy,  which 
shows  how  modern  was  their  extinction  in  the 
south  of  Europe. 

The  genus  Asimina  includes  only  4  or  6  re^ 
corded  fossil  species,  all  American,  except  a 
form  from  the  Pliocene  of  Italy,  which  has  been 
referred  to  this  genus,  although  I  suspect  that 
it  represents  an  Anona,  since  Asimina  appears 
to  have  originated  in  the  Western  Hemisphere 
and  been  confined  there.  The  oldest  known 
species  is  based  on  foliage  from  the  basal  Eocene 
of  the  Rocky  Mountains  (Denver  formation) 
and  of  the  embayment  (Midway  formation). 
One  species  is  based  on  a  seed  from  the  basal 
Wilcox  and  no  other  records  have  been  found 
except  a  form  close  to  the  modern  from  the  late 
Miocene  of  New  Jersey  (Bridgeton  formation) 
and  the  existing  Asimina  triloba  Dunal  in  the 
interglacial  beds  of  the  Don  Valley  in  Ontario. 

The  order  Papaverales  (RhcEdales  of  Engler) 
includes  6  families — Papaveracece,  Cruciferae, 
Capparidacese,  Resedaceae,  Tovariaceae,  and 
Moringacese,  which  together  contain  about  255 
genera  and  2,200  species.  The  Papaveraceae 
andCruciferae  are  mostly  herbaceous  and  widely 
distributed,  largely  in  the  North  Temperate 
Zone,  and  they  are  of  relatively  recent  evolu- 
tion. The  Resedaceae  is  a  small  family,  lai^ely 
confined  to  the  Mediterranean  region.  The 
Capparidaceae,  TovariaceaB,  and  Moringaoeae 
are  mainly  tropical.  The  last  two  families  con- 
sist, respectively,  of  a  single  genus  and  2  species 
of  the  American  Tropics  and  a  single  genus  and 
3  species  of  the  Asiatic  Tropics — 1  Afric-Arabian 
and  2  East  Indian. 

The  family  Capparidaceae,  which  includes 
about  35  genera  and  400  existing  species,  is  the 
only  one  of  the  order  represented  in  the  Wilcox 
flora.  Most  of  the  existing  species  are  herba- 
ceous. They  are  found  on  all  the  continents  in 
tropical  and  subtropical  regions.  Five  sub- 
famiUes  are  recognized.  Of  these  the  Cleo- 
moideas  and  Capparidoideae  are  large  and  occur 
on  all  the  continents,  including  monotypic  gen- 
era in  North  America  (Isomeris),  South  Amer- 
ica (StubeUa,  Atamisquea,  Belencita),  Africa 
(Pteropctalum,  Cladostemon),  and  Australia 
(Roeperia,  Apophyllum).  The  subfamily  Dip- 
terygioideae  includes  a  single  genus  and  only  5 
or  6  species  in  Nubia,  Arabia,  and  the  Punjab. 
The  subfamily  Roydsioideas  includes  about  a 
dozen  species,  the  genera  Roydsia  and  Stixis 
being  confined  to  India  and  the  genus  Forch- 
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hammeria  to  Mexico.  The  subfamily  Em- 
blingioidese  includes  only  a  single  genus  and 
species  confined  to  western  Australia.  No  far- 
reaching  conclusions  regarding  origin  or  past 
history  can  be  deduced  from  the  present  knowl- 
edge of  the  geographic  distribution  of  the 
CapparidacesB,  and  the  fossil  record  is  so  imper- 
fect that  very  little  can  be  said  regarding  the 
history. 

The  only  fossil  records  known  to  me  are 
the  foDowing:  F.  von  MuUer  has  described 
somewhat  uncertainly  determined  fruits  from 
the  Pliocene  of  Australia  as  the  genera  Dieune 
and  Plesiocapparis.  Plesiocapparis  has  2  spe- 
cies and  is  considered  as  probably  a  member  of 
the  section  Busbeckia  of  the  genus  Capparis. 
Schenk  has  described  the  petrified  wood  of 
another  form  from  the  Upper  Cretaceous  or 
Tertiary  of  Egypt  under  the  name  Cappari- 
doxylon.  The  genus  Capparis  is  represented 
by  a  well-marked  Wilcox  species  Very  close  to 
the  existing  AntUlean  tree  Capparis  domingensis 
Sprengel,  There  are  about  a  hundred  existing 
species  of  Capparis,  most  of  them  tropical,  and 
although  they  are  found  in  the  Eastern  Hemi- 
sphere they  chiefly  occur  in  the  American  Trop- 
ics, especially  in  Central  and  South  America. 
The  oldest  known  fossil  forms  are  two  species 
described  by  me  as  species  of  Capparites  from 
the  Upper  Cretaceous  of  Alabama  (Tuscaloosa 
formation).  In  addition  to  the  Wilcox  species 
previously  mentioned,  Engelhardt  has  de- 
scribed a  Tertiary  species  from  Bolivia.  Many 
years  ago  Unger  described  a  Tertiary  species 
from  the  middle  Miocene  of  Styria,  but  Schim- 
per  considers  it  to  be  a  papilionaceous  form. 
Though  the  fossil  record  of  Capparis  is  so 
meager,  such  facts  as  are  available  seem  to  indi- 
cate that  it  originated  in  the  American  Upper 
Cretaceous.  Many  of  the  modern  forms  are 
shrubs  or  small  trees  of  the  strand  flora,  and 
such  is  beUeved  to  have  been  the  habitat  of  the 
Wilcox  species. 

The  order  Rosales  includes  about  18  famihes 
and  more  than  14,000  existing  species,  the 
largest  families  being  the  Leguminosae,  Rosa- 
ceae,  Saxifragaceae,  and  Crassulacese.  The  fam- 
ily Platanaceae,  which  by  the  majority  of  stu- 
dents is  referred  to  the  Rosales,  I  regard  as  the 
sole  survivor  of  an  independent  order,  the  Pla- 
tanales,  closely  related  to  the  Urticales.  Some 
members  of  the  alliance  are  close  to  the  Ranales 
in  their  apocarpy,  hypogyny,  and  the  indefinite 


repetition  of  certain  floral  members.  The  order 
culminates  in  the  relatively  modem  Papilio- 
naceae.  Five  families  of  Rosales  are  present  in 
the  Wilcox  flora.  Of  these  the  three  legumi- 
nous families  are  by  far  the  most  abundant. 

The  family  HamameUdaceae  consists  of  about 
19  genera  and  50  species.  Twelve  genera  are 
confined  to  the  Asiatic  region,  1  genus  is  doubt- 
fully confined  to  Australia,  3  genera  are  Afri- 
can, and  3  are  common  to  Asia  and  eastern 
North  America.  The  family  is  remarkable  for 
containing  no  less  than  9  monotypic  genera.  .A 
consideration  of  the  existing  distribution  is  not 
only  of  exceeding  interest,  but  also  gives  con- 
clusive proof  of  an  extended  geologic  history, 
which  unfortunately  has  not  yet  been  unrav- 
eled. Since  the  group  is  scarcely  if  at  all  rep- 
resented in  the  existing  or  fossil  floras  of  Aus- 
tralia its  present  range  over  Asia  would  seem  to 
have  been  accomplished  after  the  land  connec- 
tion with  Australia  had  been  interrupted.  As 
the  only  known  Cretaceous  fossil  forms  come 
from  North  America,  the  group  may  have  origi- 
nated in  the  North  American  region.  The  fos- 
sil species  are  not  numerous  enough,  however, 
for  definite  conclusions  on  this  point. 

The  genus  Hamamelis  and  its  generalized  fos- 
sil type  Hamamelites  Saporta  are  represented 
by  5  species  in  the  Dakota  sandstone,  one  of 
which  occurs  in  the  Upper  Cretaceous  of  the 
Atlantic  coast  (Middendorf  arkose  member  of 
Black  Creek  formation  of  South  Carolina)  and 
another  is  doubtfully  represented  in  the  sup- 
posed Upper  Cretaceous  of  Argentina  (Kurtz). 
There  are  2  Paleocene  species  in  France  and 
Belgium,  and  Conwentz  has  described  charac- 
teristic flowers  preserved  in  perfection  in  the 
Baltic  amber  (Sannoisian)  as  Hamamelidan- 
thium. 

The  genus  Parrotia,  which  includes  a  single 
existing  species  of  northern  Persia  and  the  Cau- 
casus, contains  3  species  in  the  Dakota  salnd- 
stone,  1  species  in  the  Wilcox  and  Fort  Union, 
2  in  the  OUgocene  of  Europe,  and  2  in  the  Mio- 
cene of  Spitzbergen,  Spain,  France,  Silesia, 
Austria,  and  Hungary.  The  distribution  of 
Parrotia  in  the  past,  so  far  as  it  is  known,  con- 
firms the  evidence  of  a  North  American  origin 
for  the  family  derived  from  Hamamelis. 

The  third  genus  with  a  geologic  history  is 
Liquidambar,  of  which  more  than  20  fossil 
species  have  been  described.  The  oldest  known 
forms  occur  in  the  Eocene  at  such  widely  sepa- 
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rated  points  as  Alaska,  Oregon,  Greenland,  and 
France.  There  are  2  species  in  the  Oligocene 
of  Asia  and  Europe.  Nine  or  ten  Miocene  spe- 
cies are  present  throughout  Europe  and  North 
America  (New  Jersey  to  Oregon)  and  in  eastern 
Asia.  Three  Pliocene  species  are  found  in 
Spain,  France,  Italy,  Germany,  Austria,  Styria, 
and  Slavonia.  Typical  fruits  preserved  in  the 
upper  Pliocene  of  Germany  show  how  late  the 
genus  flourished  in  central  and  southern  Eu- 
rope. Felix  has  described  the  petrified  wood 
from  the  Tertiary  of  Hungary  as  Liquidam- 
baroxylon.  The  existing  lAquidamhar  styra- 
ciflua  is  found  in  the  Pleistocene  of  West  Vir- 
ginia, North  Carolina,  and  Alabama,  and  the 
eastern  Asiatic  species  L.  formosana  occurs  in 
the  Pleistocene  of  Japan.  The  genus  Cory- 
lopsis  occurs  in  the  post-Miocene  deposits  of 
Japan,  and  its  seeds  are  also  found  in  the 
Dutch  Pliocene.  Capsules  and  seeds  of  the 
genus  Bucklandia  are  also  present  in  the 
Dutch  Pliocene. 

The  family  Rosaceae  includes  about  90  gen- 
era and  more  than  1,300  existing  species,  widely 
distributed,  mostly  in  temperate  regions.  Some 
of  the  genera  like  Crataegus  seem  to  be  under- 
going saltation  at  the  present  time  and  hun- 
dreds of  supposed  species  have  been  described 
in  the  past  few  j^ears.  The  tribe  Chrysobala- 
noideae  is  confined  to  the  Tropics,  and  the  Neu- 
radoideae  to  the  subtropics  of  Africa  and 
southwestern  Asia.  All  the  other  tribes  of  Ro- 
saceae  are  widely  distributed  and  their  modem 
and  fossil  distribution  is  without  especial  sig- 
nificance for  the  present  discussion. 

The  only  genera  represented  in  the  Wilcox 
are  Clu*ysobalanus,  which  includes  species  that 
are  evidently  the  prototypes  of  the  still  existing 
forms,  shrubs  or  small  trees,  but  two  or  three  in 
number,  which  inhabit  the  sandy  shores  in  the 
maritime  regions  of  Florida,  tropical  America, 
and  western  tropical  Africa,  and  the  stones  of 
a  species  of  Prunus, 

The  Leguminosae,  as  now  segregated  into  4 
families,  constitutes  the  largest  alliance  among 
the  Choripetalae  (iVrchichlamydea?)  and  next  to 
the  Compositae  is  the  largest  angiospermous 
group.  It  contains  more  than  9,000  existing 
species  segregated  among  about  450  genera. 

There  is  a  well-defined  floral  progression 
from  the  family  Mimosaceae,  which  has  actino- 
morphic  flowers  and  numerous,  mostly  free 
stamens,  through    the   Caesalpiniaccse,    to  the 


largest  group  numerically,  the  Papilionaceae, 
which  has  strongly  zygomorphic  flowers  and 
coalescent  stamens,  comparable  with  the  like 
culmination  in  floral  evolution  of  the  Orchida- 
ceae  among  the  Monocotyledonae. 

The  Mimosaceap,  which  includes  about  30 
genera  and  1,400  existing  species,  is  massed  in 
the  Tropics  of  both  hemispheres.  None  of  the 
subfamilies  are  confined  to  a  single  continent, 
but  comparatively  few  genera  occur  in  more 
than  two  continental  areas  and  half  the  genera 
are  restricted  to  one  continent.  Asia  and  Aus- 
tralia each  have  2  peculiar  genera,  Africa  has  4, 
and  America  has  7.  America  also  leads  in  num- 
ber of  species,  about  half  the  total  number  ia 
the  family  being  present  in  the  New  World. 
Australia  comes  next  with  more  than  300; 
Africa  next,  also  with  more  than  300 ;  and  Asia 
last  with  about  100.  In  the  eastern  United 
States  there  are  only  3  genera  and  5  species, 
none  of  which  are  arborescent.  In  the  Gulf 
States  there  are  14  genera  and  44  species. 

The  Caesalpiniaceae,  which  includes  about  90 
genera  and  1,000  species,  is  also  mainly  trop- 
ical and  its  forms  are  massed  in  the  American. 
Tropics,  where  there  are  more  than  600  species 
and  37  peculiar  genera.  The  tribe  Sclerolo- 
bieae  is  entirely  American  and  contains  numer- 
ous monotypic  genera.  Asia  and  Africa  each 
have  about  150  species.  There  are,  however, 
only  10  Asiatic  genera,  as  compared  with  17 
African.  There  are  but  3  Australian  genera 
and  less  than  100  species.  In  the  eastera 
United  States  there  are  5  genera  and  11  spe- 
cies. Three  of  the  genera,  Cercis,  Gleditsia^ 
and  Gyrrmocladus  are  arborescent.  In  the 
Southern  States  there  are  11  genera  and  44 
species. 

The  Papilionaceae  includes  about  320  genera 
and  6,600  species.  America  leads  in  the  num- 
ber of  peculiar  genera,  having  82,  but  Asi% 
leads  in  the  number  of  species,  having  about 
1,700.  Africa  contains  47  peculiar  genera  and 
about  1,600  species,  Australia,  38  peculiar 
genera  and  about  1,000  species,  and  Asia  33 
peculiar  genera.  Europe,  which  contains  7 
peculiar  genera  and  about  700  species,  is  less 
rich  in  both  species  and  genera  than  any  other 
continent.  None  of  the  subfamilies  is  con- 
fined to  a  single  continent  but  some  of  the 
tribes  are,  the  Lipariinae  being  South  African 
and  the  Bossiaeinae  Australian.  Of  the  sub- 
family Podolyrieae,  20  out  of  27  genera  and  all 
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but  63  out  of  436  species  are  Australian.  Two 
genera  in  this  subfamily  are  American,  2 
African,  1  Asiatic,  1  Mediterranean  (Eurasia), 
and  1  common  to  North  America  and  Asia. 

In  the  eastern  United  States  there  are  46 
genera  and  194  species  of  Papilionaceae.  The 
genera  Cladrastis  and  Robinia  are  arborescent. 
In  the  Southern  States  there  are  55  genera  and 
318  species.  Sargent's  ''Manual  of  North 
American  trees,''  which  includes  many  tropi- 
cal forms  of  the  Florida  Keys,  enumerates  for 
the  Leguminosse  as  a  whole  only  34  arbores- 
cent species  for  North  America  in  17  genera. 

In  Grisebach's  ''Flora  of  the  British  West 
Indies"  the  Leguminosse,  with  262  species, 
outnumber  all  other  families  of  flowering 
plants.  The  same  is  true  of  Urban's  "Flora 
of  Porto  Rico,"  which  includes  136  species. 

According  to  Schomburg  the  LeguminossB 
constitute  the  largest  alliance  in  British 
Guiana  and  include  about  475  species.  On 
the  Malay  Peninsula,  in  Borneo,  and  in  the 
Philippines  they  are  exceeded  in  specific  dif- 
ferentiation only  by  the  OrchidaceaB  and  the 
Rubiaceee,  and  in  the  Celebes,  according  to 
Koorders,  the  Leguminosae  are  the  largest 
alliance.  In  Central  America,  according  to 
Hemsley,  they  rank  third  in  numbers.  When 
Bentham  and  Hooker  published  the  "Genera 
plantarum,"  the  Leguminosae  comprised  more 
than  5  per  cent  of  the  genera  and  nearly  7  per 
cent  of  the  species  of  aU  flowering  plants.  As 
might  be  expected  the  later  evolved  and  more 
temperate  group,  the  Papilionaceae,  are  the 
most  widely  dispersed. 

The  Leguminosae  are  but  sparsely  represented 
in  the  New  Zealand  region.  They  are  also 
practically  unrepresented  by  endemic  species 
on  remote  oceanic  islands  (quite  contrary  to 
the  prevailing  rule  among  the  Compositae), 
especially  on  those  unfavorable  to  coloniza- 
tion by  drift  seeds.  In  Hemsley's  "Flora  of 
Mexico  and  Central  America"  the  Legumi- 
nosae include  27  per  cent  of  the  genera  and  14.5 
per  cent  of  the  species  of  Leguminosae  of  the 
whole  world,  and  they  constitute  8.1  per  cent 
of  the  total  number  of  flowering  plants  in  that 
flora  (944  species).  At  least  12  of  the  species 
are  common  to  western  Africa. 

Of  the  50  species  in  30  genera  of  the  Legumi- 
nosae that  occur  in  the  existing  flora  of  the  Fiji 
Islands,  half  the  species  and  20  genera  belong 
to    the  strand  flora.     This  family  comprises 


about  5  per  cent  of  the  total  known  flora  of 
the  islands.  It  constitutes  about  29  per  cent 
of  the  total  Fijian  strand  flora,  and  this  pro- 
portion is  equaled  or  slightly  exceeded  in  the 
Society,  Marquesas,  and  Paumotus  islands. 
According  to  Guppy  about  one-third  of  the 
littoral  Polynesian  plants  with  buoyant  seeds 
or  fruits  belong  to  the  Leguminosae. 

The  Leguminosae  are  represented  in  the  Wil- 
cox deposits  by  more  than  50  species,  many 
of  which  are  individually  abundant.  They 
represent  the  families  Mimosaceae,  Caesalpinia- 
ceae,  and  Papilionaceae.  The  fourth  family  of 
the  legiuninous  alliance,  the  Kjameriaceae,  is 
a  smaU  herbaceous  group  of  the  New  World, 
of  very  late,  probably  of  recent,  evolution. 

Of  these  Wilcox  species  1 1  are  referred  to  the 
Mimosaceae,  26  to  the  Caesalpiniaceae,  and  20 
to  the  Papilionaceae.  Definitely  recognized 
genera  are  named  in  the  usual  way.  Forms 
usually  identified  as  species  of  Acacia  (for 
example,  most  of  those  so  named  by  Heer, 
Ettingshausen,  and  Unger),  which  are  refera- 
ble to  the  Mimosaceaa  but  not  to  the  genus 
Acacia  as  commonly  understood,  are  referred 
to  the  form  genus  Mimosites.  Forms  not  cer- 
tainly identified  as  Caesaipinia  but  referable 
to  the  Caesalpiniaceae  are  classed  under  the 
form  genus  Caesalpinites,  and  a  considerable 
number  of  Gleditsia-like  forms  of  both  leaves 
and  pods  are  described  in  the  genus  Gleditsio- 
phyllum,  a  form  genus  first  proposed  by  me. 
for  an  Upper  Cretaceous  species  from  North 
Carolina.  There  is  a  certain  unavoidable  du- 
plication in  the  giving  of  specific  names  to 
unattached  pods  and  leaflets,  since  some  of 
them  may  belong  to  the  same  botanic  species, 
but  I  have  followed  this  method  wherever  I 
was  not  sure  of  such  a  relationship. 

The  Mimosaceae  of  the  Wilcox  are  referred 
to  4  genera.  The  genus  Acacia,  which  is  rep- 
resented by  a  single  indisputable  species  in 
which  the  leaves  are  reduced  to  phyUodes,  is 
of  great  interest,  since  in  the  existing  flora  the 
450  species  are  largely  confined  to  the  Aus- 
trahan  region.  The  section  Phyllodineae,  to 
which  the  Wilcox  species  is  referred,  contains 
about  300  existing  species,  which  are  confined 
to  Australia  and  Oceanica,  although  in  Eocene 
times  they  were  also  present  in  Europe.  It  is 
a  curious  commentary  on  the  modem  character 
of  the  earlier  Tertiary  floras  that  the  reduction 
of  foliar  organs  and  the  habit  of  phyUody,  often 
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correlated  with  modem  arid  conditions,  should 
have  really  been  developed  in  these  early  floras. 

The  genus  Inga,  represented  in  the  Wilcox 
by  4  well-marked  species,  includes  more  than 
150  species  in  the  existing  flora,  all  of  which 
are  confined  to  the  American  tropical  and 
subtropical  regions.  Its  geologic  history  is 
largely  unknown,  although  it  appears  to  be 
represented  in  American  Upper  Cretaceous 
floras  by  Inga  cretacea  Lesquereux,  which 
occurs  in  the  Dakota  sandstone  and  in  the 
Tuscaloosa  formation  of  Alabama.  Ettings- 
hausen  has  described  a  specie^  from  the 
Cenomanian  of  Saxony  {Inga  cottai) ;  the  Euro- 
pean Miocene  has  furnished  2  or  3  species;  and 
Engelhardt  has  described  a  Tertiary  species 
from  Bolivia. 

The  genus  Pithecolobium,  which  belongs  to 
the  same  tribe  as  Inga  (Ingese),  is  represented 
by  2  Wilcox  species.  Most  of  the  100  or  more 
existing  species  are  American,  more  than  a  score 
live  in  tropical  Asia,  and  a  few  are  found  in 
tropical  Australia  and  Africa.  With  the  ex- 
ception of  a  Tertiary  species  from  Bolivia,  I  do 
not  know  of  other  fossil  occurrences. 

The  genus  Mimosites,  which  includes  4 
Wilcox  species,  represents  trees  of  the  Mimosa 
type  that  are  very  abundant  in  recent  species 
referred  to  several  genera,  either  American, 
Asian,  Australian,  or  African,  and  abundantly 
represented  in  European  Tertiary  floras.  Its 
Cretaceous  ancestry  is  hidden  among  the 
species  of  leaflets  referred  to  the  form  genus 
Leguminosites.  The  genus  Mimosa,  which  is 
apparently  most  like  the  Wilcox  Mimosites, 
includes  more  than  300  existing  species,  chiefly 
confined  to  the  warmer  parts  of  America, 
although  they  are  represented  in  Asia,  Africa, 
and  Australia. 

Except  for  the  family  LauracesB  the  Csesal- 
piniacese,  which  contains  26  species,  is  the 
largest  family  in  the  Wilcox  flora  and  it  is 
certainly  a  fact  of  considerable  interest  that 
the  massing  of  the  modern  species  in  the 
American  Tropics  should  be  foreshadowed  by 
their  abundance  on  this  Continent  as  early  as 
the  lower  Eocene. 

The  Wilcox  genera  are  5  in  number,  of  which 
the  largest  is  Cassia,  which  includes  12  species. 
'  Cassia  is  the  largest  Wilcox  genus  except 
Ficus,  and  all  of  its  species  find  their  modern 
counterparts  in  existing  species  of  tropical  and 
subtropical  America,  many  of  which  are  men- 


tioned by  name  in  the  systematic  part  of  this 
work.  Numerous  as  are  the  Wilcox  species  of 
Cassia  there  was  apparently  greater  specific 
differentiation  in  contemporaneous  European 
deposits,  since  Ettingshausen  records  15  species 
in  the  flora  of  Alum  Bay  (Ypresian  of  Isle  of 
Wight).  Cassia  has  between  300  and  400 
existing  species,  found  in  the  warmer  temper- 
ate and  tropical  regions  of  aU  the  continents 
and  especially  abundant  in  tropical  America. 
Their  place  of  origin  is  unknown,  since  they 
make  their  appearance  in  the  Upper  Creta- 
ceous almost  simultaneously  in  New  Zealand, 
Australia,  Bohemia,  Saxony,  Greenland,  the 
Atlantic  Coastal  Plain,  and  the  Dakota  sand- 
stone of  the  Rocky  Moimtain  province.  More 
than  100  fossil  species  are  already  known.  The 
Eocene  distribution  sheds  no  light*  on  the  early 
history  of  the  genus,  for  species  occur  in  such 
widely  separated  regions  as  North  America, 
Europe,  and  Australia.  There  are  numerous 
Oligocene  and  Miocene  species,  the  OUgocene 
records  being  confined  to  Europe  and  Africa 
and  the  Miocene  records  being  confined  to 
Europe  and  North  America.  Cassia  was 
abundant  along  the  shores  of  the  PUocene 
Mediterranean  of  Europe,  and  4  species  are 
recorded  from  South  American  beds  which  are 
thought  to  be  of  Pliocene  age.  Pleistocene 
species  are  recorded  from  Maryland,  and  also 
from  the  East  Indies  (Java),  where  they  are 
associated  with  Pithecanthropus  eredus  Dubois. 
One  fact  is  certain — the  genus  has  been  a  part 
of  the  American  flora  since  the  dawn  of  the 
Upper  Cretaceous,  and  several  of  the  Wilcox 
species  are  the  undoubted  prototypes  of 
existing  forms  of  the  American  Tropics. 

The  genus  Cercis,  which  includes  a  single 
Wilcox  species,  makes  its  first  recorded  ap- 
pearance in  geologic  history  in  the  Wilcox 
species,  in  the  3  species  recorded  from  the  Fort 
Union  formation  of  the  Rocky  Mountain  prov- 
ince and  in  a  species  found  in  the  Ypresian  of 
the  Paris  Basin,  so  that  its  appearance  was 
practically  contemporaneous  in  France  and 
Tennessee.  It  continues  on  both  continents 
down  to  the  present,  being  even  represented 
in  the  Pleistocene  of  both  regions.  The  mod- 
em species  number  5  or  6  and  inhabit  th*» 
warmer  temperate  regions  of  America,  Europe, 
and  Asia. 

There  is  one  species  of  Ceesalpinia  in  the 
Wilcox  and  it  is  almost  identical  in  character 
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and  habitat  with  Caesdlpinia  bdkamensis  La- 
marck of  tropical  America.  The  existing  spe- 
cies number  about  two  score  and  are  found  iu 
the  Tropics  of  both  hemispheres.  Csesalpinia 
is  recorded  first  from  the  Upper  Cretaceous 
of  the  Atlantic  Coastal  PlaiU;  and  it  seems 
probable  that  it  originated  on  this  continent 
and  reached  Europe  during  the  Eocene  by  way 
of  the  Arctic  region,  since  it  is  common  in  the 
Oligocene,  Miocene,  and  Phocene  of  America. 

Four  Wilcox  species  are  referred  to  the  form 
genus  Csesalpinites.  These  species  represent 
true  forms  of  Ceesalpinia  or  of  aUied  genera  in 
this  family.  One  of  them  almost  certainly 
belongs  in  the  genus  Parkinsonia,  a  small  genus 
which  occurs  in  the  European  Oligocene  but 
which  in  the  existing  flora  is  confined  to  the 
wanner  parts  of  North  America  and  South 
Africa.  Fossil  forms  referred  to  Csesalpinites 
include  about  20  from  the  Eiux)pean  Oligocene 
and  Miocene. 

The  genus  Gleditsiophyllum  makes  its  ap- 
pearance in  the  Upper  Cretaceous  of  the  Caro- 
lina region.  It  is  represented  in  the  Wilcox 
deposits  by  8  species  of  leaves,  leaflets,  and 
pods,  which  are  abundant  in  many  places. 
Their  relation  to  modem  genera  is  uncertain, 
but  they  were  evidently  much  Uke  Gleditsia. 

Two  genera  of  Csesalpiniacese,  Hymensea  and 
Bauhinia,  which  I  confidently  expected  to  find 
in  the  Wilcox,  must  have  been  present  during 
this  time  in  southeastern  North  America. 
Hymensea  is  confined  to  the  American  Tropics 
in  the  existing  flora,  where  it  includes  about  8 
species.  It  is  represented  by  characteristic 
forms  in  the  Upper  Cretaceous  of  Alabama. 
The  genus  Bauhinia,  which  contains  about  150 
existing  species  of  the  Tropics  of  both  hemi- 
spheres has  several  especially  characteristic 
forms  in  the  Upper  Cretaceous  of  southeastern 
North  America  (New  Jersey,  Maryland,  and 
Alabama). 

The  family  Papilionace»,  which  comprises 
more  than  two-thirds  of  the  existing  Legu- 
miQosse,  undoubtedly  represents  the  culmina- 
tion of  evolution  in  the  alliance.  Most  of  its 
species,  especially  the  numerous  herbaceous 
genera,  are  unquestionably  of  comparatively 
recent  origin.  In  spite  of  this  fact,  the  family 
is  represented  by  more  than  20  species  in  the 
Wilcox.  These  species  are  distributed  among 
6  genera,  of  which  Dalbergites,  Carpolithus, 
and  Leguminosites  are  form  genera  and  the 


other  3  still  exist.  The  largest  genus  is  So- 
phora,  which  includes  7  species,  one  of  which, 
evidently  a  strand  type  similar  to  the  cos- 
mopolitan strand  plant  Sophora  tomentosa 
Linn6  of  the  existing  tropical  flora  and  com- 
parable in  its  habitat  with  that  species,  is  very 
abundant  in  the  Wilcox  deposits.  There  are 
about  25  existing  species  of  shrubs  and  small 
trees  referred  to  this  genus,  which  are  scat- 
tered over  the  warmer  parts  of  both  hemi- 
spheres and  are  found  on  all  tropical  seashores. 
About  a  dozen  fossil  species  are  known.  In 
addition  to  North  America  they  are  found  in 
both  Europe  and  Asia  during  the  Eocene,  a 
single  form  from  Alum  Bay  (Ypresian)  being 
contemporaneous  with  the  Wilcox  species  and 
the  others  being  later.  Though  few  species 
have  been  described,  the  genus  is  widely  dis- 
tributed in  the  European  Miocene,  where  So- 
phora europsea  Unger  was  a  common  coastal 
form  of  the  Mediterranean  region  throughout 
the  Miocene  and  into  the  Pliocene  epoch. 

Four  species,  three  based  on  leaflets  and  the 
fourth  on  a  characteristic  pod,  represent  the 
genus  Dalbergia  in  the  Wilcox  flora.  Two  ad- 
ditional species  whose  generic  relations  are  not 
so  certain  are  referred  to  the  genus  Dalber- 
gites. The  existing  species  of  Dalbergia  num- 
ber about  80  forms  found  in  the  Tropics  of  both 
hemispheres,  and  all  show  a  strong  generic  sim- 
ilarity in  their  fohar  characters.  More  than 
two  score  fossil  forms  are  known.  The  earliest 
form  occurs  in  the  Atlantic  Coastal  Plain  and 
western  Greenland,  so  that  there  is  a  strong 
possibihty  that  the  genus  was  of  American  ori- 
gin. If  this  theory  was  correct  they  must  have 
undergone  a  rapid  dissemination,  for  in  the 
Eocene  they  are  not  only  found  in  America  and 
the  Arctic  region,  but  also  in  Europe.  The 
Alum  Bay  beds  of  the  Isle  or  Wight  (Ypresian), 
which  I  regard  as  contemporaneous,  in  part  at 
least,  with  the  Wilcox,  contain,  according  to 
Ettingshausen,  6  species  of  Dalbergia.  Euro- 
pean deposits  furnish  about  a  dozen  Oligocene 
species  and  a  larger  number  of  Miocene  species. 
Dalbergia  primseva  Unger,  D,  retusxfolia  Heer, 
D.  Tiseringiarui  Ettingshausen,  and  Z).  hella 
Heer  are  widespread  coastal  forms  of  the  Euro- 
pean Tertiary.  Some  of  these  European  species 
range  from  the  late  Oligocene  through  the 
Miocene  and  into  the  Phocene. 

The  genus  Canavalia  is  represented  in  the 
Wilcox   by  a  fine   species,  undoubtedly    the 
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ancestor  of  the  existing  Canavalia  obtusifolia 
(Lamarck)  De  CandoUe,  a  widely  distributed 
tropical  strand  plant,  A  second  species  is 
less  commonly  represented  and  not  as  certainly 
identified.  The  genus  contains  about  a  dozen 
existing  species  of  the  Tropics  of  both  hemi- 
spheres, but  fossil  forms  have  not  heretofore 
been  found. 

The  Wilcox  forms  referred  to  Leguminosites 
can  not  be  classified  satisfactorily,  since  they 
represent  pods  and  leaflets  of  this  alliance 
whose  generic  relations  are  uncertain.  This 
form  genus  was  proposed  first  by  Bowerbank 
for  the  pyritized  remains  from  the  Isle  of 
Sheppey  (London  clay) ,  and  two  of  his  species 
are  tentatively  identified  in  the  Wilcox.  Sub- 
sequently many  species  have  been  described. 
They  range  in  age  from  the  middle  Cretaceous 
to  the  PUocene.  The  oldest  form,  in  the  Al- 
bian  of  Portugal,  is  described  by  Saporta. 
They  are  found  in  the  Cretaceous  of  Australia, 
the  Cenomanian  of  Saxony,  the  Atane  and 
Patoot  beds  of  Greenland,  and  the  Cretaceous 
formations  of  the  Atlantic  Coastal  Plain  from 
Marthas  Vineyard  to  Alabama.  They  are 
conmion  in  the  Arctic  Eocene  and  occur  also 
in  America,  Europe,  and  Asia.  Oligocene 
records  include  Europe  and  the  Antarctic  Con- 
tinent; Miocene  records  are  confined  to  Austra- 
lia, America,  and  Europe;  and  Pliocene  records 
include  southern  Europe  and  Japan. 

Though  the  foregoing  analysis  leaves  many 
problems  in  the  history  of  the  Leguminosae  un- 
solved, it  shows  at  least  that  the  Wilcox  forms 
would  find  a  congenial  habitat  in  the  present- 
day  American  Tropics,  in  the  flora  of  which  they 
are  all  represented,  and  that  thus  early  some  of 
the  main  features  of  their  recent  distribution 
had  been  determined. 

The  most  similar  fossil  display  of  these  forms 
is  found  in  the  Ypresian  flora  of  Alum  Bay  on 
the  Isle  of  Wight,  which  unfortunately  has 
never  been  described  or  figured,  but  of  which 
Ettingshausen*  pubhshed  an  analysis  and  enum- 
eration in  1880.  Another  very  similar  display 
of  forms  is  that  described  b^'-  Engelhardt  from 
the  Tertiary  of  Cerro  de  Potosi  in  Bolivia,^ 
whose  exact  age  has  never  been  determined, 
although  its  resemblance  to  this  part  of  the 

1  Ettingshausen,  C.  von,  Roy.  Soc.  London  Proc,  vol.  30,  pp.  228- 
236,  1880. 

sEnfi:olhardt,  Hermann,  Naturvp'iss.  Oesell.  Isis  in  Dresden  Silz- 
un^sber.  und  Abh.,  1887,  Abh.  5,  pp.  36-38,  7  figs.;  idem,  1894,  Abh.  1, 
pp.  3-13,  pi.  1. 


Wilcox  flora  suggests  the  possibility  that  it  is 
Eocene  instead  of  PUocene,  the  age  which  has 
.been  assumed.  This  resemblance  may,  how- 
ever, simply  be  a  reflection  of  the  similarity 
between  the  Leguminosae  of  the  embayment 
area  in  the  lower  Eocene  and  those  of  subse- 
quent epochs  in  the  iVmerican  Tropics.  The 
small  flora  described  by  Engelhardt  from  the 
Tertiary  of  Ecuador  contains  14  species  of 
Leguminosae. 

The   order  Geraniales  includes  21   families 
and    more    than    10,000    existing   species,    of 
which  nearly  half  belong  to  the  family  Euphor- 
biacesB.     The  other  large  families  in  the  order 
of  their  size  are  the  Rutacese,  Meliaceae,  Mal- 
pighiaceae,  and  Polygalaceae,  each  of  which  con- 
tains  more   than   500   existing  species.     The 
GeraniacesB,  Oxalidaceae,  and  Burseraceae  each, 
include  more  than  300  existing  species.     The 
aUiance  is  mainly  cyclic  in  the  character  of  its 
floral  members.     The  primitive  forms  are  iso- 
carpic  and  progress  is  toward  reduction  of  the 
number  of  carpels.     The  phylogenetic  impor- 
tance of  the  characters  by  which  the  Geraniales 
as  an  order  is  separated  from  the  evidently 
allied   Sapindales  is  not  great   and  in  some 
respects  the  order  is  apparently  not  a  natural 
one.     Six  families  of  Geraniales  have  been  rec- 
ognized in  the  Wilcox  flora.     The  first  of  the^e, 
the  RutaceaB,  consists  of  about  111  genera  and 
more  than  900  existing  species,  which  are  widely 
distributed    over    the    warrii    temperate    and 
tropical    regions.     The    fruits    are    capsules, 
samaras,  or  drupes,  and  the  leaves,  which  may 
be  simple  or  compound,  are  usually  glandular 
punctate.     Though  34  genera  and  127  species 
are  confined  to  America,  the  family  makes  its 
greatest   display  in   the   Old   World.     Africa 
contains  16  peculiar  genera  and  196  species  and 
Australia  28  peculiar  genera  and  185  species. 
In  addition  to  6  genera  and  7  species  which  are 
confined  to  the  Asiatic  mainland,  19  genera  and 
167  species  are  distributed  from  southeastern 
Asia  through  Malaysia,  some  of  them  as  far  as 
New  Zealand  and  Polynesia.     The  only  truly 
cosmopolitan  genus  is  Fagara,  which  includes 
more  than  150  existing  species  and  is  repre- 
sented  in    all   tropical   countries.     The    tribe 
Boronieae,  which  includes  18  genera  and   158 
species,  is  confined  to  Australia  and  New  Zea- 
land; the  Diosineae,  which  contains  11  genera 
and  181  species,  is  confined  to  South  Africa; 
and  the  Cusparieae,  which  contains  16  genera 
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and  83  specieS;  is  confined  to  tropical  America. 
The  other  rather  numerous  tribes  are  all  repre- 
sented in  more  than  one  continental  region. 

The  family  contains  the  remarkable  number 
of  42  monotypic  genera,  and  though  many  of 
these  may  be  of  recent  evolution,  as  a  number 
of  those  from  Australia,  the  isolated  occur- 
rences of  many  of  the  others  indicate  that  they 
are  of  great  age  and  once  occupied  intervening 
areas. 

There  are  only  13  known  fossil  genera,  only 
about  10  per  cent  of  the  existing  genera,  so  that 
little  can  be  said  of  the  fossil  history  of  the 
family.  The  oldest  genus  is  Citrophyllum 
Berry,  which  is  represented  by  very  character- 
istic leaves  with  alate  petioles  in  the  Dakota 
sandstone  of  the  Rocky  Mountain  province 
and  occurs  from  New  Jersey  to  Alabama  along 
the  Atlantic  coast  in  the  Raritan,  Magothy, 
Black  Creek  (Middendorf  arkose  member),  and 
Tuscaloosa  formations.  Another  species  of 
Citrophyllum  is  found  in  the  Wilcox  and  a 
third  in  the  overlying  Claiborne.  These  forms 
are  very  similar  to  the  leaves  of  recent  mem- 
bers of  the  Aurantioideie  and  xmdoubtedly 
represent  ancestral  forms.  The  genus  Dic- 
tamnus  Linn6,  which  includes  a  single  existing 
species  widely  distributed  in  Eurasia,  is  repre- 
sented by  a  fossil  form  in  the  Pliocene  of  France 
and  another  in  the  Pleistocene  of  Japan.  lin- 
ger in  1850  described  petrified  wood  from  the 
Aquitanian  of  Greece  as  Klippsteinia  meduHa- 
risy  referring  it  to  the  Aurantioidese. 

The  genus  Amyris  (P.  Browne)  LinnS  con- 
tains about  a  dozen  existing  species  in  the 
AntiUes  and  Central  America,  two  of  which 
reach  the  coast  of  southern  Florida.  A  fossil 
form  is  recorded  by  Unger  from  the  late  Mio- 
cene (Sarmatian)  of  Hungary.  This  determi- 
nation is  not  conclusive,  however,  although 
Unger  had  both  the  leaves  and  fruit  of  Protd- 
myris  berenices,  Unger  also  described  the  sup- 
posed ancestral  genus  Protamyris,  to  which  he 
referred  4  species  from  the  Aquitanian  of  Kumi 
and  the  Miocene  of  Croatia.  These  determina- 
tions are  not  especially  convincing,  and  both 
Ettingshausen  and  Schenk  consider  Protamyris 
radobojana  Unger  to  represent  a  species  of 
Cedrela. 

The  genus  Xanthoxylum  Liim6,  which  in- 
cludes 9  or  10  existing  species  of  eastern  Asia  and 
North  America,  has  been  a  favorite  receptacle 
for  fossil  forms  of  Rutaceas.     About  a  score  of 
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fossil  species  have  been  described.  The  oldest 
comes  from  the  basal  Eocene  of  northeastern 
New  Mexico  (Raton  formation)  and  a  second 
Eocene  species  is  recorded  from  the  Bartonian 
of  France.  Engelhardt  has  described  2  Eocene 
or  Oligocene  species  from  Chile.  There  are  4 
Oligocene  species,  2  in  France  and  2  in  Prussia. 
There  are  about  13  Miocene  species,  widely  dis- 
tributed and  represented  in  California,  Colo- 
rado, Spain,  France,  Switzerland,  Baden,  Bo- 
hemia, Croatia,  and  Hungary.  The  2  Pliocene 
species  represent  France  and  Asia  Minor,  and 
one  of  the  Recent  species  is  found  in  the  Pleisto- 
cene of  Japan.  It  seems  probable  that  Xan- 
thoxylum was  derived  from  Fagara  through  a 
loss  of  the  floral  calyx  and  by  adaptation  to 
cooler  climatic  conditions. 

The  genus  Fagara  Linn6  is  substituted  for 
Xanthoxylum  by  many  recent  systematists, 
although  I  prefer  to  consider  it  as  the  ancestral 
stock  and  use  it  in  the  older  sense,  as  mcluding 
the  150  cosmopolitan  tropical  species.  To 
Xanthoxylmn  I  would  refer  the  extratropical 
forms  of  Asia  and  North  America.  Undoubt- 
edly several  if  not  all  of  the  fossil  forms  de- 
scribed as  species  of  Xanthoxylum  are  more 
properly  referred  to  Fagara,  although  none  have 
heretofore  been  described  under  this  name  ex- 
cept forms  from  Florissant,  Colo.,  and  from  Cali- 
fornia ,  which  are  probably  referable  to  Xanthoxy- 
lum. The  Tertiary  flora  of  southeastern  North 
America  contains  several  very  characteristic 
forms  of  Fagara.  The  oldest  forms  are  three 
species  from  the  Wilcox  group.  There  is 
another  species  in  the  overlying  Claiborne 
group.  The  Vicksburg  group  has  furnished  a 
very  common  form,  which  has  several  well- 
marked  varieties  in  some  of  the  leaves  of  which 
the  glandular  punctate  character  is  beautifully 
preserved.  Still  another  form  is  foxmd  in  the 
Apalachicola  group  of  Florida. 

The  genus  Ruta  Linn6,  which  includes  more 
than  100  existing  species,  mostly  of  Eurasia, 
although  found  also  in  Africa  and  South  Amer- 
ica, is  represented  by  characteristic  capsules  in 
the  Aquitanian  of  Rhenish  Prussia,  described 
by  Menzel  in  1913,  and  by  2  species  in  tiie 
Pliocene  of  Limburg  described  by  Reid. 

The  genus  Phellodendron  Ruprecht,  which 
includes  2  existing  Asiatic  species,  is  repre- 
sented in  the  Aquitanian  of  Rhenish  Prussia 
by  fruits  (drupe)  and  3  well-marked  species 
are  present  in  the  Pliocene  of  Limburg.     Engel- 
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hardt  has  described  species  of  Ticorea,  Pilocar- 
pus, and  Erythrochyton  from  the  early  Tertiary 
of  Chile  and  a  species  of  Condaninea  from  that 
of  Colombia. 

The  remaining  genus,  which  is  represented 
by  fossil  representatives,  is  Ptelea  Linn6,  which 
includes  7  or  8  existing  species  confined  to  the 
United  States  and  Mexico.  Greene  has  re- 
cently described  very  many  poorly  established 
new  species  of  this  genus.  The  fossil  forms  are 
represented  by  both  leaves  and  characteristic 
fruits.  The  oldest  comes  from  the  Arctic 
Eocene.  A  species  is  found  in  the  Oligocene  of 
Italy,  and  6  Miocene  species  occur  in  Colorado, 
France,  Switzerland,  Carniola,  and  Hungary. 
A  PUocene  species  is  recorded  from  Italy. 
Obviously  the  record  will  have  to  be  greatly 
increased  before  any  trustworthy  conclusions 
can  be  drawn  respecting  the  place  of  origm  and 
geologic  history  of  the  Rutacese. 

The  family  SimarubacesB  (often  spelled  Sima- 
roubaceaj)  includes  about  28  genera  and  more 
than  150  existing  species  of  shrubs  or  trees  that 
have  pinnate  leaves  and  drupaceous  fruits. 
It  is  confined  chiefly  to  the  Tropics  and  the 
warmer  parts  of  the  Northern  Hemisphere. 
Only  3  existing  species  reach  the  coast  of  south- 
ern Florida.  The  family  is  represented  on  all 
the  continents  except  Europe.  Two  genera 
and  4  species  are  confined  to  Asia,  3  genera  and 
4  species  are  confined  to  Australia,  4  genera  and 
6  species  are  confined  to  Africa,  and  9  genera 
and  71  species  are  confined  to  America.  The 
most  widespread  species  is  the  monotypic 
Suriana  maritirna  Linnfi,  a  cosmopoUtan  trop- 
ical strand  plant  which  occurs  on  the  dimes, 
keys,  and  coastal  hammocks  of  southern 
Florida. 

The  only  genus  represented  in  the  Wilcox  is 
Simaruba  Aublet,  which  contains  a  single  spe- 
cies, Simaruba  eocenica  Berry,  that  closely 
resembles  the  existing  Sinuiruba  glauca  De 
Candolle,  found  along  tropical  coasts  from 
southern  Florida  to  Brazil. 

The  only  other  existing  genus  of  which  fossil 
forms  are  known  is  Ail  an  thus  Desfontaines, 
which  contains  7  existing  species  in  eastern 
Asia  and  the  East  Indies.  Ailanthophyllum 
Dawson,  which  includes  a  single  species,  is 
described  from  the  Eocene  (?)  of  British  Co- 
lumbia. The  fossil  species  of  Ailanthus  num- 
ber about  15.  There  are  2  specias  in  the  Eocene 
of  Wyoming  and  Oregon;  8  in  the  Oligocene 


of  France,  Aisace,  Styria,  and  Prussia;  and  5 
in  the  Miocene  of  France,  Switzerland,  Baden, 
Italy,  and  Colorado.  In  the  absence  of  col- 
lateral evidence  that  the  Eocene  occurrences  in 
North  America  have  any  bearing  on  the  origin 
of  the  genus,  it  is  merely  an  interesting  specu- 
lation that  the  genus  originated  in  North 
America  and  subsequently  reached  Asia  by  way 
of  the  Eocene  land  connection  across  Bering 
Straits.  Certainly  the  genus  lingered  on  this 
continent,  as  is  indicated  by  its  presence  at 
Florissant  as  late  as  the  middle  Miocene. 

The  family  Meliaceae  contains  about  42  gen- 
era and  about  680  existing  species  of  shrubs 
and  trees  that  bear  pinnate  leaves.     Nearly  all 
of  these  forms  range  within  30°  of  the  Equator, 
though  they  reach  40°  north  latitude  in  eastern 
Asia  and  40°  south  latitude  in  New  Zealand. 
Moreover,   the  chinaberry   (Melia  CLzedarach), 
which  has  been  cultivated  from  time  immemo- 
rial in  all  Mediterranean  countries  and  through- 
out the  southeastern  United  States  since  its 
settlement  and  is  perfectly  hardy,  has  no  tem- 
perate outliers.     Though  the  Meliacese  occupy 
a  greater  continuous  area  in  South  America, 
where  more  than  41  per  cent  of  the  existing 
species   occur,    the   large   number   of  species 
(about  285)  foimd  there  represents  only  19  per 
cent  of  the  known  genera.     There  are  some  re- 
markable similarities  between  the  species  of  the 
American  Tropics  and  those  of  West  Africa. 
Thus  the  two  small  genera  Swietenia  and  Ca- 
rapa  are  represented  in  both  areas,  and  Carapa 
procera  is  even  said  to  be  common  to  the  two. 
Moreover,  the  genus  Guarea,  which  includes 
about  80  species  in  the  American  Tropics,  is  rep- 
resented  by  3  species   in  West  Africa.     The 
larger  nimiber  of  genera  are  foimd  in  the  south- 
eastern Asiatic  region,  and  the  number  of  gen- 
era and  their  mutual  affinities  decrease  from 
Asia  toward  Africa  and  also  through  Polynesia. 
Several  genera  (Toona,  Xylocarpus,  Cipadessa, 
and  MeUa)  extend  from  Africa  through  Asia  to 
Malaysia.     Two  genera  are  pecuhar  to  Austra- 
ha  (Synomn  and  Owenia)  and  2  to  Polynesia 
(Vavaea  and  Meliadelpha).     There  are  13  mon- 
otypic genera,  of  which  6  are  African  and  7 
Asiatic.     From  the  distribution  of  the  existing 
species  De  Candolle  *  infers  that  southern  Asia 
is  the  center  of  radiation  of  the  family.     I  am 

I  De  Candolle,  C,  On  the  geographical  distribution  of  the  Meliaceip: 
Linn.  Soc.  London  Trans.,  2d  ser.,  Botany,  vol.  1,  pp.  233-236,  pis.  30, 
31, 1880. 
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inclined  to  think,  however,  that  he  is  mistaken, 
since  the  oldest  known  forms,  except  the  en- 
tirely doubtful  Cedrelospermites  of  Saporta 
from  the  Valanginian  of  Portugal,  are  Ameri- 
can, and  the  widespread  existing  American  rep- 
resentatives of  the  family  seem  to  comprise  the 
specifically  multiplied  descendants  of  the  origi- 
nal stock  already  represented  in  the  Wilcox 
flora. 

The  Asiatic  genera  would  thus  represent  im- 
migrants into  that  area  or  forms  evolved  there- 
The  Polynesian  and  Australian  forms  are  much 
localized  derivatives  of  the  Indian  stock,  and 
unless  the  peculiar  species  of  New  Caledonia 
could  not  reach  that  region  except  by  a  land 
connection  it  may  be  inferred  that  this  Asiatic 
radiation  was  relatively  recent. 

The  fossil  species  are  unfortimatdy  few.  So 
far  as  I  know  the  only  fossil  species  of  Carapa 
is  that  found  in  the  Wilcox,  where  it  may  have 
been  a  mangrove  plant,  as  is  the  existing  Carapa 
obovata.  The  oriental  Carapa  moluccensis  and 
the  occidental  Carapa  procera  are  also  coastal 
types.  The  occurrence  of  Carapa  in  the  early 
Eocene  at  least  helps  to  explain  its  present  dis- 
tribution in  both  the  American  and  West  African 
Tropics.  As  Carapa  procera  is  common  to  these 
two  areas,  all  the  African  species  are  perhaps 
recent  immigrants,  but  it  is  more  probable  that 
there  are  unrecognized  specific  differences  in 
this  form  in  the  two  areas  and  that  the  present 
disconnected  distribution  is  an  example  of  sur- 
vivors from  the  early  Tertiary  radiation.  An- 
other genus  whose  modem  distribution  is  like 
that  of  Carapa  is  Moschoxylon  Jussieu  (made  a 
section  of  Trichiha  Linn6  by  Harms  in  Engler 
and  Prantl),  which  includes  about  60  species  in 
tropical  America  and  West  Africa.  This  genus 
is  represented  by  2  fossil  species  described  by 
Elngelhardt  from  the  early  Tertiary  (Eocene  or 
Oligocene)  of  Chile  and  by  a  third  species  from 
Colombia.  The  genus  Cedrela,  sometimes  made 
the  type  of  an  independent  family,  the  Cedrela- 
ce«,  is  represented  by  4  Wilcox  species.  Eocene 
prototypes  of  existing  American  species.  This 
genus,  which  includes  9  or  10  species,  is  con- 
fined to  America  in  the  existing  flora  and  is  only 
known  outside  this  area  in  2  species  from  the 
Miocene  of  Croatia,  which  Unger  referred  to 
Cedrela,  and  an  undescribed  Cedrela  recorded 
by  Ettingshausen  from  the  Ypresian  of  the 
south  of  England.  Saporta  has,  however,  re- 
corded 6  species  of  Cedrelospermum  from  the 


Sannoisian  of  southeastern  France,  and  Deane 
records  a  Cedrelophyllum  from  the  Tertiary  of 
New  South  Wales.  The  fossil  record  of  these 
three  genera,  Carapa,  Moschoxylon,  and  Cedrela, 
brief  as  it  is,  shows  clearly  that  the  MeliaceaB 
are  not  a  itiodern  element  in  the  flora  of  the 
American  Tropics,  but  were  already  well  differ- 
entiated in  the  early  Tertiary. 

The  remaining  fossil  references  to  this  family 
comprise  MeUaceaBcarpum,  based  on  capsules 
from  the  Aquitanian  of  Prussia,  which  Menzel, 
their  describer,  compares  with  those- of  the  gen- 
era Dj^oxylum  and  Guarea.  F.  von  Miiller 
has  described  Rhytidotheca  and  Pleiochnus,  2 
supposed  meliaceous  genera,  based  on  fruits 
from  the  Phocene  of  Australia. 

The  small  family  Humiriaceae  comprises  only 
3  genera  and  a  score  of  species  of  shrubs  and 
small  trees,  all  confined  to  the  American  Tropics, 
except  a  single  species  that  is  found  in  tropical 
West  Africa  (Aubrya),  a  distribution  suggesting 
a  history  Uke  that  just  suggested  for  Carapa, 
Moschoxylon,  and  Cedrela.  The  only  known 
fossil  species  is  one  from  the  Wilcox  that  is  very 
close  to  the  existing  VarUanea  paniculata  Urban 
of  northern  South  America. 

The  family  MaipighiaceaB,  which  is  confined 
to  tropical  and  subtropical  countries,  contains 
about  55.  genera  and  650  existing  species, 
many  of  which  are  scandent,  including  some 
of  the  finest  Uanas  of  the  Tropics,  whose  stems 
are  as  much  as  2  decimeters  in  diameter. 
Others  are  shrubs  and  trees.  The  leaves  are 
opposite  and  simple  and  the  fruits  drupaceous, 
capsular,  or  nutUke,  and  many  of  them  winged. 
The  only  species  that  reaches  the  United 
States  is  Byrsonima  ludda  (Swartz)  De  Can- 
dolle,  a  small  evergreen  tree  of  the  Florida 
Keys. 

The  family  is  predominantly  American  in 
its  distribution,  more  than  67  per  cent  of 
both  genera  and  species  being  confined  to  the 
Western  Hemisphere  (37  genera  and  440 
species).  None  of  the  genera  occur  in  more 
than  one  continental  area.  The  family  is 
divided  into  two  subfamilies — the  Pyramido- 
torae  and  the  Planitorse.  The  Planitorae, 
which  includes  2  tribes,  the  GalphimieaB 
and  the  Malpighiese,  is  entirely  American.  Of 
the  3  tribes  into  which  the  Pyramidotoras  is 
divided  the  Tricomariese  is  entirely  -^Vmerican. 
The  Hirseete  includes  3  genera  and  23  species 
confined    to   Asia,   3   genera   and    12   species 
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confined  to  Africa,  1  genus  containing  12 
species  that  range  from  Malaysia  to  Australia, 
and  9  genera  and  151  species  confined  to 
America.  The  remaining  tribe,  the  Banis- 
terieae,  includes  a  monotypic  genus  in  Asia, 
2  genera  and  15  species  in  Africa,  a  single 
genus  and  7  species  ranging  from  the  East 
Indies  to  Australia,  and  11  genera  and  247 
species  confined  to  America. 

There  are  21  monotypic  genera,  distributed 
as  follows:  Microsteira,  confined  to  Madagas- 
car; Flabellaria,  confined  to  Africa;  Caucan- 
thus,  confined  to  Arabia;  Brachylophon,  con- 
fined to  Farther  India;  Mozia,  Diplopteris, 
Lophopteris,  Clonodia,  Coleostachys,  Blepha- 
randra,  Lophanthera,  Verrucalaria,  Pterandra, 
Acmanthera,  Diacidia,  and  Glandonia,  confined 
to  Brazil,  Guiana,  and  Venezuela;  Henleophy- 
tum,  confined  to  Cuba;  Lasiocarpus  and  Echi- 
nopteris,  confined  to  Mexico;  and  Tricomaria 
and  Mionandra,  confined  to  Argentina. 

Monotypic  genera  in  general  are  suscep- 
tible of  two  interpretations.  They  represent 
either  the  last  survivors  of  a  long  line,  as  the 
Ginkgo  and  Sassafras,  or  relatively  recent 
specializations.  Of  the  foregoing  monotypic 
genera  it  .seems  probable  that  most  are  the 
result  of  relatively  recent  evolution,  since  there 
is  nothing  in  their  character  or  distribution  to 
suggest  any  extended  geologic  history  and  none 
have  been  found  in  fossil  floras. 

The  fossil  record  is  most  incomplete.  No 
forms  are  known  from  the  Upper  Cretaceous, 
though  Ettingshausen  recorded  a  species  of 
Malpighiastrmn  and  one  of  Banisteriophyllum 
from  the  Upper  Cretaceous  of  AustraUa. 
Those  identifications,  however,  are  open  to 
the  most  serious  question,  and  I  do  not  con- 
sider them  of  any  weight  in  the  discussion. 
The  family  is  certainly  represented  in  the 
lower  Eocene  by  5  species  of  Malpighiastrum, 
Hiraea,  and  Banisteria  in  the  Ypresian  of  the 
south  of  England  and  by  5  species  of  Ilir^a 
and  Banisteria  in  the  Wilcox  flora,  based  on 
both  leaves  and  characteristic  fruits.  There 
are  also  doubtful  species  of  Malpighiastrmn 
and  Banisteriophyllum,  described  from  the 
Tertiary  of  Australia  by  Ettingshausen.  Thus 
there  is  no  direct  geologic  evidence  of  the 
place  of  origin  of  the  family.  As  the  family 
is  so  predominantly  American  at  present, 
and  as  only  2  genera  have  reached  Australia 
from  the  East  Indian  region,  and  as  2  of  the 


American  genera  appear  in  the  northward 
extension  of  the  early  Eocene  flora  of  the 
American  Tropics  during  the  Wilcox  epoch, 
and  are  as  ancient  as  any  certain  records  of 
the  family  anywhere,  the  conclusion  is  ex- 
tremely probable  that  the  family  originated 
in  equatorial  America.  With  the  exception 
of  the  Wilcox  records  enumerated  above 
nearly  all  the  fossil  records  relate  to  Europe 
and  may  be  briefly  eniunerated. 

The  genus  Malpighiastnmi  Unger  con- 
tains about  30  recorded  species,  including  the 
doubtful  Upper  Cretaceous  and  Tertiary  spe- 
cies previously  mentioned  as  recorded  by 
Ettingshausen  from  eastern  Australia;  3 
Ypresian  species  from  the  south  of  England; 
8  Oligocene  species  in  France,  Italy,  Dalmatia, 
Styria,  and  Transylvania;  about  15  Miocene 
species  in  Italy,  Prussia,  Bohemia,  Croatia,  and 
Transylvania,  and  2  PHocene  species  in  Italy. 

The  genus  Heteropteris  Jussieu,  which  in- 
cludes about  90  existing  species,  ranging  from 
Mexico  and  the  Antilles  to  Bolivia  and  Brazil, 
includes  a  late  Oligocene  species  in  Transyl- 
vania and  2  Miocene  species  in  Styria  and 
Croatia. 

The  genus  Hirasa  Jacquin,  which  contains 
about  25  existing  species  ranging  from  Mexico 
and  the  Antilles  to  Peru,  is  represented  by 
about  10  fossil  species,  based  for  the  most  part 
on  the  winged  fruits.  There  is  a  species  in  the 
Ypresian  of  southern  England  and  a  charac- 
teristic fruit  in  the  Wilcox;  4  Oligocene  species 
in  the  Tyrol,  Styria,  and  Transylvania;  3  Mi- 
ocene species  in  Baden,  Styria,  and  Transyl- 
vania; a  Pliocene  species  in  Brazil;  and  an 
early  Tertiary  species  in  Ecuador. 

The  genus  Tetrapteris  Cavanilles,  which  in- 
cludes about  60  existing  species,  ranging  from 
the  West  Indies  and  Mexico  to  southern  BrazU 
and  Bolivia,  contains  a  fossil  species  in  the 
Oligocene  of  Styria  and  3  Miocene  species  in 
Bohemia,  Styria,  and  Croatia. 

The  genus  Stigmatophyllon  Jussieu,  which 
comprises  about  45  existing  species  in  the 
Bahamas  and  Antilles  and  along  the  east  coast 
of  America  from  Mexico  to  Uruguay,  includes 
a  somewhat  doubtful  form,  identified  bv 
Saporta,  from  the  upper  Oligocene  of  France. 
Similarly  the  genus  Byrsonima  L.  C.  Richard, 
whose  90  existing  species  range  from  the 
Bahamas  and  Mexico  to  southern  Brazil  and 
Bolivia,  has  been  recorded  by  Massalongo  from 
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the  early  Pliocene  of 'Italy,  but  the  identifica- 
tion is  extremely  doubtful. 

The  genus  Banisteria  IjinnS  contains  about 
70  existing  species  of  climbing  or  scrambling 
shrubs,  ranging  from  the  West  Indies  through- 
out tropical  South  America  and  most  numerous 
in  Brazil.  It  is  represented  by  4  species,  based 
on  both  leaves  and  fruits,  in  the  WUcox,  one  of 
them  almost  identical  with  the  existing  Banis- 
teria laurifolia  Linn6,  often  referred  to  the 
genus  Heteropterys  Kimth,  which  ranges  from 
southern  Mexico  through  Central  America  and 
the  West  Indies  to  Colombia.  There  is  an 
Ypresian  species  in  the  south  of  England;  4 
Oligocene  species  in  France,  the  Tyrol,  Alsace, 
and  Styria;  4  Miocene  species  in  France, 
Switzerland,  and  Croatia;  and  an  early  Ter- 
tiary species  in  Ecuador. 

Species  of  Banisteria,  along  with  climbing 
Sapindacese  (PaullLnia  and  Serjania)  and  bam- 
boos, are  common  in  the  great  oak  forests  of 
upland  Mexico,  where  they  are  associated  with 
palms  of  the  genus  ChamsBdorea  and  many 
arborescent  Lauracese. 

The  genus  Banisteriophyllum  Ettingshausen, 
which  includes  a  single  Upper  Cretaceous  and  a 
Tertiary  species  in  eastern  Australia,  I  regard 
as  of  very  doubtful  affinities.  Schenk  also  states 
that  wood  of  a  malpighiaceous  type  occurs 
among  the  silicified  woods  from  the  Oligocene 
of  the  island  of  Antigua. 

The  family  Euphorbiacese  is  sometimes  made 
the  type  of  a  distinct  order,  the  Euphorbiales, 
although  the  significance  of  the  characters  by 
which  it  is  segregated  from  the  Geraniales  is 
not  obvious.  It  is  an  exceedingly  large  alliance 
and  has  about  220  genera  and  4,000  existing 
species  (Pax,  1890)  of  herbs,  shrubs,  and  trees 
widely  distributed  throughout  the  Torrid  and 
Temperate  zones.  The  genus  Euphorbia,  which 
comprises  more  than  700  species,  is  perhaps  the 
most  widely  distributed  genus  in  the  family. 
A  great  many  of  the  recent  species,  particu- 
larly those  of  xerophytic  character  so  closely 
simulating  the  Cactaceee,  are  of  relatively  re- 
cent evolution.  The  Euphorbiacese  is  the 
fourth  largest  family  in  the  flora  of  the  Malay 
Peninsula  and  the  Philippines.  According  to 
Beccari  it  is  the  third  family  in  the  Borneo 
flora;  according  to  Hemsley  it  is  the  sixth  fam- 
ily in  the  flora  of  Central  America ;  and  accord- 
ing to  Koorders  it  is  the  fourth  family  in  the 
flora  of  the  Celebes. 


In  such  a  multiplicity  of  existing  genera  and 
species  any  effort  to  trace  the  larger  features  of 
distribution  would  occupy  more  space  than  it 
is  worth  in  the  present  connection.  Four  ar- 
borescent genera  and  5  species  reach  the  United 
States  in  the  Florida  region,  and  several  more 
are  naturalized  in  that  area.  A  considerable 
but  relatively  insignificant  number  are  re- 
corded from  the  Upper  Cretaceous  and  Ter- 
tiary. The  fossil  records  will,  however,  have 
to  be  greatly  increased  before  they  can  be  said 
to  shed  any  definite  light  on  the  geologic  his- 
tory of  the  family.  Enough  is  now  known, 
however,  to  abrogate  the  statement  made  by 
Schenk  ^  and  quoted  by  Pax  ^  that  there  is  no 
certain  evidence  of  the  existence  of  the  Eu- 
phorbiacesB  during  the  Tertiary.  Fossil  repre- 
sentatives of  the  following  genera  have  been 
recorded:  Euphorbia,  a  single  species  based  on 
a  fruit  described  by  Heer  from  the  Swiss  Mio- 
cene; Euphorbioides,  based  on  an  inflorescence 
described  by  Wessel  and  Weber  from  the  Aqui- 
tanian  of  Rhenish  Prussia;  Euphorbiophyllum, 
several  species  subsequently  noted;  Maniho- 
tites,  a  very  characteristic  species  from  the 
Upper  Cretaceous  of  Georgia  described  by  me; 
Crotonophyllum,  several  Upper  Cretaceous  and 
Eocene  species;  Cluytia,  reported  from  the 
Eocene  of  the  Isle  of  Wight  and  the  Oligocene 
of  Saxony  and  Rhenish  Prussia.  A  single  spe- 
cies of  each  of  the  following  genera  was  identi- 
fied by  Ettingshausen  from  the  Miocene  of  Bo- 
hemia— ^Adenopeltis,  Baloghia,  Omalanthus, 
and  Phyllanthus.  Conwentz  has  described  a 
euphorbiaceous  flower  from  the  Baltic  amber 
(Sannoisian)  as  Antidesma  maxtmovncziij  and 
Felix  has  described  petrified  wood  from  the 
Tertiary  of  Colombia  as  Euphorbioxylon. 
Hura-like  fruits  (Euphorbeocarpum)  are  also 
recorded  by  Knowlton  from  the  lower  Eocene 
(Raton  formation)  of  northeastern  New  Mex- 
ico. Engelhard t  has  recorded  species"  of  Om- 
phalea  Linn6,  Tetraplandra  Baillon,  and  Mal- 
lotus  Loureiro  from  the  early  Tertiary  of  Chile 
and  seeds  of  Tithymalus  have  been  recorded  by 
Cockerell  from  the  Wasatch  of  Wyoming  and 
the  ''Loup  Fork  beds'^  of  Kansas. 

Though  difference  of  opinion  regarding  the 
determination  of  some  of  these  records  is  justi- 
fiable,  I  regard   Manihotites,  Euphorbiophyl- 

1  Schenk,  A.,  Palaoophytologie,  pp.  594-597, 1890. 
xPaXjinEngler,  A.,  and  Prantl,  K.,  Die  natUrlichen  Pflanzenfamilien, 
1890. 
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lum,  Crotonophyllum,  and  Euphorbioxylon  as 
definite  evidence  of  the  existence  of  the  Eu- 
phorbiaceae  during  the  Upper  Cretaceous  and 
Tertiary. 

The  5  Wilcox  species  are  referred  to  the  gen- 
era Crotonophyllum,  Euphorbiophyllum,  and 
Drypetes.  The  genus  Crotonophyllum  was 
proposed  by  Velenovsky  for  a  well-marked  spe- 
cies from  the  Cenomanian  of  Bohemia.  I  have 
described  a  second  species  from  the  Upper  Cre- 
taceous of  South  Carolina.  Two  species  are 
recognized  in  the  Wilcox,  and  of  these  Crotono- 
phyllum eocenicwm  Berry  may  be  successfully 
compared  with  a  number  of  the  600  existing 
species  of  Croton,  which  is  so  abundantly  rep- 
resented in  tropical  America.  Comparisons 
are  especially  close  with  Croton  eluteria  (Linn6) 
Bennett,  which  is  found  in  the  low  coppice  of 
the  beach  ridges  throughout  the  Bahama 
Islands. 

The  genus  Euphorbiophyllum  was  proposed 
by  Ettingshausen  in  1853  for  several  species 
from  the  Sannoisian  of  the  Tyrol.  Altogether 
more  than  a  dozen  species  have  been  described 
by  Ettingshausen,  Saporta,  Heer,  and  Engel- 
hardt.  These  species  have  .been  compared 
with  the  existing,  mostly  tropical  American 
species  of  Styloceras,  Sapium,  Stillingia,  Ade- 
nopeltis,  Excoecaria,  Colliguaja,  and  other  gen- 
era. The  oldest  form  comes  from  the  Cenoma- 
nian of  Portugal  and  another  Upper  Cretaceous 
species  occurs  in  the  Turonian  of  southern 
France.  In  the  Eocene  there  is  a  species  in 
western  Greenland,  a  second  on  the  island  of 
Sheppey  (Ypresian),  and  a  third  in  the  Paris 
Basin  (Lutetian) .  Five  Oligocene  species  have 
been  described  from  the  Sannoisian  of  the  Ty- 
rol, and  a  sixth  from  the  Chattian  of  northern 
Bohemia.  There  are  two  Miocene  species  in 
Switzerland  and  two  in  Styria.  A  Pliocene 
species  is  described  by  Krasser  from  Brazil.  A 
single  small-leafed  species  of  Euphorbiophyllum 
is  of  rare  occurrence  in  the  Holly  Springs  sand. 

The  genus  Drypetes  Vahl  includes  about  a 
dozen  existing  species  confined  to  tropical  and 
subtropical  America.  Three  species  extend 
southward  to  northern  Brazil  and  2  range 
northward  to  the  Florida  Keys.  There  are  2 
well-marked  species  in  the  Wilcox  flora — one 
an  Eocene  prototype  of  the  existing  Drypetes 
Iceyen^  Urban  and  the  other  of  the  existing 
Drypetes  lateriflora  (Swartz)  Urban,  both  small 
trees  of  the  coastal  flora  of  southern  peninsular 


Florida,  the  Bahamas,  West  Indies,  and  An- 
tilles. The  genus,  which  has  not  previously 
been  recorded  in  the  fossil  state,  was  probably 
of  American  origin,  and  there  is  no  evidence 
that  it  ever  spread  to  the  Eastern  Hemisphere. 

The  order  Sapindales,  sometimes  called  the 
Celastrales,  includes  about  20  families  and 
about  3,200  species.  The  largest  families  in 
number  of  species  are  the  Sapindacese,  which 
contain  more  than  twice  as  many  species  as  any 
of  the  others;  the  CelastracesB,  Anacardiacese, 
Balsaminaceee,  and  Hicaceae.  Like  the  Gera- 
niales,  the  Sapindales  start  with  isocarpic 
forms  and  pass  to  those  in  which  the  carpels 
are  reduced  in  number;  in  the  more  evolved 
families  the  flowers  have  become  zygomorphic. 
Since  there  are  several  distinct  lines  of  de- 
velopment and  the  separation  from  the 
Geraniales  is  based  on  characters  that  seem 
trivial,  it  seems  probable  that  the  families 
which  comprise  these  two  orders  as  at  present 
understood  represent  a  plexus  of  forms  whose 
filiations  are  not  yet  understood. 

The  first  family  of  the  Sapindales  that  is 
represented  in  the  Wilcox  flora  is  the  Ana- 
cardiacesB,  an  exceedingly  natural  group.  It 
contains  about  58  existing  genera  and  435  species 
of  shrubs  and  trees  which  have  round  pithy 
branches,  resinous  and  commonly  toxic  juice, 
alternate  simple,  palmate  or  pinnate,  ex- 
stipulate  leaves,  and  drupaceous  fruits  that 
carry  exalbuminous  seeds.  The  Anacardiaceae 
makes  its  greatest  display  in  the  tropics  and 
subtropics  of  both  hemispheres,  but  in  the 
existing  flora  is  especially  characteristic  of  the 
Malaysian  region.  Rhus  is  by  far  the  largest 
genus  and  the  only  one  of  the  family  found  in 
the  extratropical  regions  of  both  the  northern 
and  southern  hemispheres.  The  present  geo- 
graphic distribution  shows  many  anomalies 
throughout  the  family.  Thus  the  genus  Camp- 
nosperma  Thwaites  includes  8  species  in 
Madagascar,  Ceylon,  Sumatra,  Borneo,  and 
Malakka  and  a  single  species  in  northern 
Brazil.  The  genus  Sorindeia  Thenars  of  trop- 
ical Africa  and  Madagascar  is  most  closely 
aUied  to  the  genus  Mauria  Kunth  of  the  Andes 
of  South  America.  The  genus  Calesiimi  Adan- 
son  includes  13  species  in  tropical  Africa 
and  1  in  the  East  Indies.  The  Eurasiaa 
genus  Pistacia  Linn6  is  represented  by  a  single 
species  in  Mexico.  The  genus  Thyrsodium 
Bentham  includes  4  species  in  the  Amazon 
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region  of  South  America  and  1  in  tropical  West 
Africa.  The  subfamily  Mangiferae,  which  in- 
cludes about  80  species,  in  entirely  Malaysian 
except  for  a  species  of  Gluta  Linn6  in  Mada- 
gascar and  the  genus  Anacardium  Lirni^, 
which  is  confined  to  tropical  South  America, 
chiefly  Brazil.  The  subfamily  Spondieae  is 
f oimd  in  the  Tropics  of  both  hemispheres.  The 
subfamily  Rhoideae  is  foimd  on  all  the  con- 
tinents and  shows  a  pairing  of  a  considerable 
number  of  genera  in  equatorial  Africa  and 
America.  The  two  remaining  subfamihes,  the 
SemecarpesB  and  the  DebineesB,  are  restricted 
to  the  region  extending  from  India  to  AustraUa. 
The  family  contains  20  monotypic  genera, 
distributed  as  follows:  Asia  5,  AustraUa  3, 
Africa  6,  Madagascar  3,  North  America  2,  and 
South  America  1. 

The  fossil  records  of  the  Anacardiaceae  are 
very  incomplete,  although  there  seems  to  be  no 
doubt  that  it  was  represented  in  both  Europe 
and  North  America  as  far  back  as  the  Upper 
Cretaceous.  As  in  the  existing  flora^  the  most 
abundant  genus  in  the  fossil  record  is  Rhus,  to 
which  more  than  100  species  have  been  referred. 
Eight  of  these  forms  are  Upper  Cretaceous, 
the  oldest  coining  from  North  American  strata 
correlated  with  the  Cenomanian  (Raritan  and 
Dakota).  The  genus  appears  in  Europe  in  the 
Turonian  of  Bohemia.  There  are  more  than  a 
dozen  Eocene  species  of  Rhus,  widely  scattered. 
Thus,  there  are  3  in  the  Ypresian  of  Alum  Bay, 
4  in  western  Greenland,  and  species  in  the 
Lance,  Kenai,  Fort  Union,  and  Green  River 
formations  of  North  America.  The  genus 
doubles  its  known  species  in  the  early  Oligocene 
and  is  especially  well  represented  in  southern 
France  but  also  recorded  from  the  Tyrol,  the 
Baltic  amber,  Italy,  Carniola,  and  Styria. 

In  the  Miocene  Rhus  seems  to  have  been  as 
abundant,  as  well  differentiated,  and  as  widely 
distributed  as  it  is  in  the  existing  flora,  for 
more  than  60  fossil  species  have  already  been 
described.  The  records  embrace  all  European 
countries  where  Miocene  plants  have  been 
found,  as  well  as  Iceland  and  the  following 
North  American  locah ties:  Maryland,  Virginia, 
Colorado,  Yellowstone  Park,  Idaho,  Nevada, 
Oregon,  and  California.  Only  a  small  number 
of  Phocene  species  are  recorded  in  Spain, 
France,  Italy,  Germany,  and  Slavonia. 

Three  Pleistocene  species  are  recorded,  2 
from  Japan  and  1  from  China,  all  closely  re- 


lated to  still  existing  species  of  that  region. 
Engler  *  some  years  ago  reviewed  the  geologic 
records  of  Rhus  and  concluded  that  most  of  the 
then  known  fossil  species  belonged  to  the  sec- 
tion TrichocarpsB,  which  in  the  existing  flora 
contains  more  than  a  score  of  species,  mostly 
confined  to  North  America  and  eastern  Asia, 
or  to  the  section  GerontogesB,  which  includes 
75  existing  species,  principally  found  in  South 
Africa.  A  few  fossil  forms  he  considered  as 
representing  the  section  Venenatae,  which 
includes  about  14  existing  species  in  North  and 
South  America.  The  other  sections  into  which 
the  genus  is  subdivided  were  not  recognized 
among  the  fossil  forms. 

The  allied  genus  Cotinus,  which  contains  2  or 
3  existing  species  in  Eiu*asia  and  North 
America,  is  probably  represented  by  some  of 
the  fossil  forms  referred  to  Rhus.  Saporta 
considers  Rhus  antilopuTn  Unger  from  the 
Aquitanian  of  Kumi  to  be  a  species  of  Cotinus. 
This  author  has  also  described  Cotinus  pdlseo- 
cotinus,  and  Cockerell  has  described  Cotinus 
fratema  from  the  Miocene  of  Florissant,  Colo. 

The  genus  Pistacia,  which  contains  5  existing 
Mediterranean  species  and  1  each  in  eastern 
Asia  and  Mexico,  is  represented  by  about  15 
known  fossil  species,  the  oldest  of  which,  of 
doubtful  value,  comes  from  the  Raritan  of 
Staten  Island.  A  second  Cretaceous  species  is 
found  in  the  Laramie  of  Colorado.  Europe  is 
represented  in  the  record  by  an  Ypresian  species 
from  Alum  Bay.  There  are  3  OUgocene  species 
in  France  and  7  Miocene  species  in  France, 
Prussia,  Bohemia,  Styria,  Galicia,  and  Transyl- 
vania. There  is  a  Pliocene  species  in  Styria 
and  another  in  Holland,  an  extinct  Pleistocene 
species  on  the  island  of  Madeira,  and  the  exist- 
ing Pistacia  lentiscus  Linn6  in  the  Pleistocene 
of  Santorin. 

The  genus  Anacardites  Saporta  (Anacardio- 
phyUum)  has  been  used  as  a  form  genus  for 
fossil  Anacardiaceae  of  uncertain  generic  re- 
lationship. As  used  by  Saporta  it  represented 
fossil  forms  that  resemble  existing  species  of 
Mangifera,Anaphrenium,Spondias,Comocladia, 
Hohgarna,  and  the  like,  but  not  determinable 
with  certainty.  Heer  has  described  a  supposed 
species  of  Anacardites  from  the  Atane  beds  of 
western  Greenland.  There  are  2  species  in  the 
Spamacian  and  1  in  the  Ypresian  of  France, 
and  7  well-marked  species  in  the  Wilcox.     There 

1  Engler,  A.,  Bot.  Jahrb.,  Bd.  1,  pp.  413-419, 1881. 
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are  2  or  3  Oligocene  species  in  France  and 
Germany,  and  2  or  3  Miocene  species  in  France 
and  Styria.  Felix  has  described  petrified  wood 
from  the  Eocene  of  the  Caucasus,  which  he 
refers  to  Anacardioxylon,  a  type  also  repre- 
sented in  the  Oligocene  of  Antigua  in  the 
American  Tropics  (species  compared  with  the 
existing  genus  Spondias). 

The  floral  genus  Heterocalyx  Saporta  (Trilo- 
bium  Saporta,  Elaphrium  Unger,  Getonia 
Unger),  which  occurs  at  a  nimiber  of  horizons 
in  the  Ohgocene  of  France,  Croatia,  and  Styria, 
is  represented  by  a  species  in  the  Wilcox.  Sa- 
porta compared  it  with  the  South  American 
genus  Astronium,  but  Engler  ^  considers  it 
most  like  the  Malayan  genus  Parishia. 

The  genus  Metopium,  not  certainly  recog- 
nized heretofore,  contains  a  well-marked  species 
in  the  Wilcox.  Several  Tertiary  woods  are 
described  by  Unger  as  Rhoidium,  and  Saporta 
has  described  a  species  of  Schinus  from  the 
French  Oligocene  (Gargas),  which  is  wrongly 
determined  according  to  Schenk.* 

The  genus  Spondisecarpum  is  represented  by 
a  species  in  the  early  Eocene  of  France,  a 
second  in  the  Aquitanian  of  Rhenish  Prussia, 
and  a  third  in  the  late  Tertiary  of  the  East 
Indies  (Banka).  Recently  Fritel  has  de- 
scribed leaves  from  the  Aquitanian  of  France 
which  he  calls  Semecarpites  and  which  are 
very  close  to  the  existing  Semecarpus,  which 
contains  about  40  species  that  range  from 
India  to  Australia. 

Clement  Reid  has  based  an  extinct  genus, 
Tcschia,  on  fruits  of  this  family  from  the  Plio- 
cene of  Holland. 

The  family  Ilicacese  (Aquifohaceae)  is  rela^ 
tively  small,  comprising  only  5  genera  and 
about  180  existing  species  of  shrubs  or  trees 
that  bear  alternate  simple,  entire  or  toothed, 
commonly  coriaceous  leaves.  The  flowers  are 
small,  dioecious,  and  hypogynous.  The  fruit 
is  a  'drupe,  and  its  thin,  fleshy  sarcocarp 
incloses  as  many  crustaceous  nutlets  as  there 
are  carpels.  The  genus  Ilex  Linn6,  to  which 
all  but  seven  of  the  existing  species  are 
referred,  is  found  in  all  tropical  and  temperate 
regions  of  the  world  except  western  North 
America,  Australia,  New  Zealand,  and  New 
Guinea.  The  remaining  genera  of  the  family 
are  Oncothoca  Baillon,  which  includes  a  single 


1  Engler,  A.,  op.  cit.     « Schenk,  A.,  ralaeophytologie,  p.  541, 1890. 


species  in  New  Caledonia;  Nemopanthes  Rafi- 
nesque,  which  contains  a  single  species  in  tem- 
perate North  America;  Sphenostemon  Baillon, 
which  includes  2  species  in  New  Caledonia;  and 
Byronia  Endlicher,  which  contains  3  species, 
one  in  Tahiti,  one  in  the  Hawaiian  Islands,  and 
one  in  Australia.  This  modem  distribution  is 
a  certain  indication  that  the  family  has  an 
extended  geologic  history. 

More  than  a  hundred  fossil  species  have  been 
referred  to  the  genus  Ilex.  At  least  13  species 
are  recorded  from  the  Upper  Cretaceous.  All 
but  one  species  from  the  Turonian  of  Bohemia 
come  from  the  Western  Hemisphere,  and  in- 
clude 2  in  the  Raritan  formation,  3  in  the 
Magothy  formation,  7  in  the  Dakota  sandstone, 
1  in  the  Atane,  and  2  in  the  Patoot  beds  of 
western  Greenland. 

There  are  about  14  Eocene  species,  including 
4  in  the  Wilcox  of  the  southeastern  United 
States,  1  in  the  Ypresian  of  England,  1  in  the 
Fort  Union,  and  4  in  the  Green  River  formation 
of  the  western  United  States,  5  in  Greenland, 
and  1  in  Alaska.     There  are  more  than  a  score 
of  Oligocene  species,  including  one  from  Chile, 
that  may  even  be  of  Eocene  age.     The  lower 
Oligocene,  or  Sannoisian,  contains  11  species  in 
France,  Tyrol,  Saxony,  and  Prussia,  and  also 
includes  3  species  of  flowers  described  by  Cas- 
pary   from    the    Baltic    amber.     The    middle 
Oligocene,  or  Tongrian,  includes  6  species  in 
France,  Italy,  Germany,  and  Styria,  and  there 
are  7  species  in  the  upper  Oligocene  (Chattian) 
of  France,  Bohemia,  and  Greece.     More  than 
50  species  have  been  described  from  the  Mio- 
cene of  Europe  and  Asia,  and  of  Now  Jersey, 
Colorado,  and  California  in  this  country.    The 
most  prolific  Miocene  area  is  that  of  Franco. 
About  10  species  are  known  from  the  Pliocene 
of   Spain,    France,    Italy,    Prussia,    and   Asia 
Minor.     One  extinct  and  4  still-existing  spe- 
cies are  found  in  the  Pleistocene  of  Virginia, 
North  Carolina,  Alabama,  Kentucky,  and  the 
island  of  Madeira.     In  addition  to  the  fossil 
forms  referred  to  Ilex,  2  Miocene  species  from 
Italy   and   Styria   are  referred   to   the  genus 
Nemopanthes,  and  4  forms  from  the  late  Oligo- 
cene or  the  Miocene  of  Prussia,  Styria,  Croatia, 
Bohemia,  and  Greece  are  referred  to  the  genus 
Prinos   Linn6,  which  is  usually  considered    a 
section  of  Ilex.     The  4  species  from  the  Wilcox 
that  are  referred  to  Ilex  are  represented  in  the 
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collections  by  a  small  amount  of  mostly  poor 
material  and  are  without  special  significance. 

The  family  CelastraceeB  includes  about  40 
genera  and  more  than  400  existing  species  of 
treea  and  shrubs  that  bear  opposite  or  alternate, 
simple,  persistent  or  deciduous  leaves  and  cap- 
sular or  drupaceous  fruits.  The  3  large  genera 
Euonymus,  Celastrus,  and  Gymnosporia  are 
practically  cosmopolitan,  and  several  other 
genera  localized  in  the  modem  flora  were  cos- 
mopolitan in  the  Tertiary. 

The  following  12  genera,  which  include  more 
than  100  species,  are  confined  to  America: 
Fraunhofera,  Mortonia,  Glossopetalum,  Schaef- 
feria,  Goupia,  Maytenus,  Pachystima,  Zino- 
wiewia,  Plenckia,  Wimmeria,  Gyminda,  Rha- 
coma.  The  genera  Glyptopetalum  and  Trip- 
terygium,  which  include  5  species,  are  confined 
to  Asia.  The  genera  Hypsophila,  Denhamia, 
and  Hedraianthera,  which  contain  7  species, 
are  confined  to  Australia.  The  following  10 
genera,  which  include  about  60  species,  are 
confined  to  Africa  or  Madagascar:  Putterlickia, 
Catha,  Pterocelastrus,  Polycardia,  Ptelidium, 
Cassine,  Elaeodendron,  Maurocenia,  Schrebera, 
and  Lauridia. 

The  family  is  definitely  represented  in  the 
Cretaceous  by  at  least  5  genera  and  is  an  im- 
portant element  in  most  Tertiary  floras.  The 
oldest  known  genus  is  the  form  genus  Celastro- 
phyllum,  proposed  by  Goppert.  Five  weU- 
marked  species  occur  in  the  Patapsco  formation 
(Albian)  of  Virginia  and  Maryland.  At  'the 
base  of  the  Upper  Cretaceous,  particularly  in 
North  America,  a  large  number  of  species  are 
found.  More  than  30  have  been  described,  2 
of  which  are  recorded  from  New  Zealand  and 
2  from  the  Cenomanian  of  Niedorschoena,  in 
Saxony.  One  species  is  found  in  the  Atane 
beds  of  Greenland  and  3  are  found  in  the 
Patoot  beds.  The  remainder  occur  in  the 
United  States,  where  they  are  distributed  as 
follows:  Ten  in  the  Raritan  formation  of  New 
Jersey  and  Maryland,  12  in  the  Tuscaloosa  for- 
mation of  Alabama,  2  in  the  Magothy  formation 
of  New  Jersey  and  Maryland,  2  in  the  Black 
Creek  formation  (Middendorf  arkose  member) 
of  South  Carolina,  7  in  the  Dakota  sandstone, 
and  2  in  the  Black  Creek  formation  of  North 
Carolina.  There  are  10  Eocene  species — 7  in 
the  basal  Eocene  of  Belgium,  1  in  the  Ypresian 
of  England,  and  2  in  the  Claiborne  group  of  the 
Mississippi  embayment.     There  are  5  Miocene 


species  in  Italy,  Bohemia,  and  Styria;  a  Plio- 
cene species  in  Italy;  and  4  Tertiary  species 
from  the  island  of  Java.  Another  form  genus 
is  Celastrinites  Saporta,  which  includes  4  spe- 
cies in  the  Paleocene  of  France,  1  in  the  Denver 
formation  of  Colorado,  1  in  the  Livingston  for- 
mation of  Montana,  and  1  in  the  Miocene  of 
Florissant,  Colo. 

The  genus  Celastrus  Linn6  is  the  largest  fossil 
genus  of  the  family.  Though  its  present 
center  of  distribution  Ues  in  the  uplands  of 
southeastern  Asia  and  the  East  Indies,  its 
history  shows  that  the  ancestral  stock  was 
cosmopolitan  and  very  abundant  in  the  Ter- 
tiary of  America  and  Europe.  It  is  highly 
probable  that  it  originated  in  America  at  the 
dawn  of  the  Upper  Cretaceous  or  somewhat 
earlier.  The  oldest  known  species,  Celastrus 
arctica  Heer,  is  foimd  in  the  Raritan  and 
Magothy  formations  of  New  Jersey  and  Mary- 
land and  in  the  Patoot  beds  of  Greenland.  No 
less  than  30  species  of  Celastrus  have  been  de- 
scribed from  the  Eocene,  including  6  Ypresian 
species  from  England,  5  species  in  the  Wilcox 
flora,  1  in  the  Denver,  10  in  the  Fort  Union,  1 
in  the  Kenai  of  Alaska,  and  3  from  Greenland. 
There  are  also  about  30  Ohgocene  species,  all 
European,  which  include  remains  in  the  Baltic 
amber,  in  France,  Switzerland,  Germany, 
Austria-Himgary,  and  Greece.  There  are  at 
least  a  dozen  species  in  the  Chattian  of  Bohe- 
mia. More  than  50  Miocene  species  have  been 
described,  ranging  throughout  Europe,  in 
eastern  Asia,  in  Australia,  and  in  Virginia, 
Colorado,  Idaho,  and  Oregon  in  this  country. 
About  a  dozen  Pliocene  species  have  been 
described  from  Spain,  France,  Italy,  and 
Sicily. 

The  genera  Cassine  Linn6  and  Pterocelastrus 
Meissner,  both  now  confined  to  South  Africa 
and  Madagascar,  each  includes  a  fossil  species 
in  the  Miocene  of  Bohemia.  The  genus 
Pachystima  Rafinesque,  which  includes  2  exist- 
ing species  in  North  America,  contains  an 
Upper  Cretaceous  species  in  North  Carolina 
and  a  Miocene  species  in  Colorado. 

The  genus  Maytenus  Feuill6e,  which  con- 
tains about  70  existing  species  of  the  Tropics 
and  sub  tropics  of  South  America,  is  repre- 
sented by  a  weU-marked  species  in  the  Wilcox 
flora.  There  are  2  species  in  the  early  Tertiary 
of  Chile,  1  in  the  late  Oligocene  and  3  in  the 
Miocene  of  southeastern  Europe. 
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The  monotypic  genus  Gyminda  Sargent, 
which  is  confined  to  Florida  and  the  West 
Indies  in  the  existing  flora,  contains  a  doubt- 
fully determined  fossil  species  in  the  Magothy 
formation  of  the  Atlantic  Coastal  Plain.  The 
genus  Microtropis  WaJlich,  which  includes  9 
or  10  existing  species  of  the  mountains  of 
southeastern  Asia  from  India  to  China  and 
Japan,  is  represented  by  a  doubtfully  deter- 
mined form  in  the  early  Pliocene  of  Italy. 

A  well-preserved  flower  in  the  Baltic  amber 
is  described  by  Conwentz  as  CeJastrinanthium 
Tiauchecomei. 

The  genus  Elteodendron  Jacquin,  which  in- 
cludes about  25  existing  species  that  are  con- 
fined to  South  Africa,  has  a  rich  geologic  his- 
tory. Four  Upper  Cretaceous  species  have 
been  described — 1  from  Australia,  1  from  the 
Dakota  sandstone,  and  2  from  the  Magothy 
formation  of  the  Atlantic  coast.  There  are  4 
Eocene  species,  which  show  that  the  genus  was 
represented  in  Alaska,  the  Ypresian  of  England, 
and  the  Fort  Union  of  the  Rocky  Mountain 
region.  There  are  5  Oligocene  species  in  the 
Tyrol,  Bohemia,  and  Transylvania;  10  Miocene 
species  in  France,  Switzerland,  Italy,  Prussia, 
Bohemia,  Styria,  Australia,  and  New  Zealand; 
and  4  Pliocene  species  in  Italy. 

The  remaining  genus  known  in  the  fossil 
state,  Euonymus  Linn6,  contains  about  60 
existing  species,  which  are  widely  distributed 
throughout  the  northern  hemisphere,  but  are 
most  numerous  in  the  Asiatic  Tropics  and  in 
China  and  Japan.  More  than  30  fossil  species 
are  known,  based  on  both  fruits  and  leaves. 
There  are  4  well-marked  Eocene  species,  all  of 
which  are  confined  to  North  America,  where 
they  are  represented  in  west  Greenland,  in  the 
Fort  Union  and  Green  River  formations  of  the 
Rocky  Mountain  region,  and  in  the  Wilcox  of 
the  Mississippi  embayment.  The  species  of  the 
Mississippi  embayment  is  a  very  abundant  and 
characteristic  form.  Four  or  five  Oligocene 
species  of  Euonymus  are  recorded  from  Bava- 
ria, the  Tyrol,  and  Bohemia.  The  12  Miocene 
species  occur  in  France,  Prussia,  Bohemia, 
Styria,  Croatia,  and  Hungary.  There  are  4 
Pliocene  species  in  Germany,  Italy,  and  Sla- 
vonia,  and  2  still-existing  species  occur  in  the 
Pleistocene  of  France. 

This  very  brief  survey  of  the  fossil  history 
of  the  Celastracese  shows  the  probability,  simi- 
lar to  that  exhibited  by  so  many  other  families 


of  DicotyledonaB,  that  the  ancestral  stock  origi- 
nated in  the  Western  Hemisphere. 

The  family  Sapindaceae  consists  of  about  118 
genera  and  more  than  1,000  existing  species  of 
trees  or  shrubs  that  bear  alternate  pinnate 
exstipulate,  persistent  or  deciduous  leaves  and 
drupaceous  or  capsular  fruits  whose  seeds  are 
crustaceous  and  mostly  solitary.  About  one- 
third  of  the  genera  are  lianas.  The  family  is 
chiefly  confined  to  tropical  and  subtropical 
regions,  and  about  23  per  cent  of  the  genera 
(27)  and  34  per  cent  of  the  species  (345)  are 
confined  to  America.  There  are  more  genera 
(30)  confined  to  the  African  region,  but  only 
about  one-fifth  as  many  species  (75). 

The  genera  Cardiospermum,  Schmidelia  (Al- 
lophylus),  and  Sapindus  are  found  in  all  tropi- 
cal countries.  The  genus  Paullinia,  which  con- 
tains more  than  120  existing  species,  though 
mostly  American,  is  represented  in  Africa  and 
Madagascar.  The  genus  Dodonssa,  which  con- 
tains more  than  40  species  in  Australia,  is  rep- 
resented by  one  or  two  forms  which  are  found 
in  all  tropical  countries,  and  a  single  species 
lives  in  the  Hawaiian  Islands  and  Madagascar. 
HarpuUia  is  common  to  Asia,  Africa,  and  Aus- 
tralia. Two  genera  and  about  15  species  are 
confined  to  Australia,  4  genera  and  66  species 
range  from  Asia  to  Australia,  10  genera  and  22 
species  are  confined  to  the  East  Indies,  2  genera 
and  20  species  are  confined  to  Polynesia,  and  6 
genera  and  35  species  range  from  Malaysia  or 
the  East  Indies  to  Australia.  These  few  facte 
regarding  the  existing  distribution  make  it  ob- 
vious that  the  family  is  ancient  and  that  there 
has  been  an  extensive  evolution  of  both  generic 
and  specific  types  in  relatively  modem  times  in 
the  American  Tropics  on  the  one  hand  and  in 
the  Malaysian  region  on  the  other. 

The  fossil  record,  though  much  less  complete 
than  might  be  wished,  includes  at  least  13 
genera,  of  which  6  are  extinct,  and  about  160 
species,  by  far  the  largest  number  of  which,  are 
referred  to  the  stiU  existing  genus  Sapindus, 
which  appears  to  have  been  well  differentiated 
and  widely  distributed  at  the  dawn  of  the 
Upper  Cretaceous.  There  are  about  10  Upper 
Cretaceous  species,  of  which  all  but  4  occur  in 
pre-Senonian  strata.  Thus  there  are  2  species 
in  the  Perucer  beds  of  Moravia  and  Bohemia 
and  1  at  Niederschoena,  in  Saxony,  all  Ceno- 
manian.  Two  species  are  foimd  in  the  Atane 
and  1  in  the  Patoot  beds  of  western  Greenland. 
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Two  species  come  from  the  Dakota  sandstone, 
2  from  the  Tuscaloosa  formation  of  Alabama, 
1  from  the  Black  Creek  formation  (Midden- 
dorf  arkose  member)  of  South  Carolina,  1  from 
the  Woodbine  sand  of  Texas,  2  each  from  the 
Raritan  and  Magothy  formations  of  the  Middle 
Atlantic  States,  1  from  the  Montana  group, 
and  2  from  the  Laramie.  I  have  given  this 
Upper  Cretaceous  distribution  in  some  detail 
because  of  the  special  interest  attached  to  the 
deployment  of  the  Upper  Cretaceous  Dicoty- 
ledons. It  shoidd  be  noted  that  seven  of  these 
Upper  Cretaceous  forms  are  North  American. 
There  are  more  than  30  Eocene  species  of 
Sapindus,  of  which  two-thirds  are  North  Ameri- 
can. The  genus  is  very  abundantly  repre- 
sented in  both  individuals  and  species  in  the 
coastal  floras  of  the  Wilcox  group,  from  which 
I  have  described  no  less  than  9  species.  The 
overlying  Qaibome  group  contains  4  species. 
Species  of  Sapindus  are  equally  common  in  the 
Rocky  Motmtain  province  in  the  Denver, 
Fort  Union,  and  Green  River  formations.  An 
Eocene  species  comes  from  Greenland,  4  unde- 
scribed  species  are  found  in  the  Ypresian  of 
England,  and  a  fifth  is  contained  in  beds  of 
the  same  age  in  Hungary.  There  is  an  upper 
Eocene  species  from  France  and  a  second  from 
Oregon. 

Six  or  more  Oligocene  species  are  well  dis- 
tributed in  Europe,  and  species  which  occur  in 
Chile,  New  Zealand,  Australia,  and  Tasmania 
may  be  of  Oligocene  age.  More  than  30  Mio- 
cene species  are  foimd  throughout  southern 
Europe,  in  eastern  Asia,  and  in  North  America 
(Colorado,  Oregon,  and  Yellowstone  Park). 
The  8  or  10  Pliocene  species  are  confined  to 
southern  Europe. 

Several  form  genera  have  been  derived  from 
the  same  root  as  the  genus  Sapindus.  Thus, 
Sapindophyllimi  has  been  applied  to  2  species 
from  the  Albian  of  Portugal  (?).  To  this 
genus  are  also  referred  a  Cenomanian  and  a 
Chattian  species  from  Bohemia  and  a  Tertiary 
species  from  Japan.  The  term  Sapindoides 
has  been  used  by  Perkins  for  Sapindus-like 
fruits  preserved  in  the  early  Tertiary  lignites 
of  Brandon,  Vt.,  from  which  8  species  have 
been  described.  In  some  respects  the  most 
interesting  genus  is  Sapindopsis  Fontaine, 
which  is  represented  by  3  abundant  and  well- 
preserved  species  in  the  Patapsco  formation 
(Albian)    of  Maryland   and   Virginia,   one   of 


which  is  also  present  in  the  Fuson  formation  of 
the  Black  Hills,  and  which  I  have  shown  ^  to 
be  very  probably  ancestral  forms  of  the  genus 
Matayba  Aublet  (Cupanieae)  which  contains 
more  than  two  score  existing  species  in  the 
tropical  and  subtropical  regions  of  America. 
This  well-marked  type  suggests  the  interesting 
question,  How  early  in  the  Mezosoic  were  the 
ancestors  of  many  modem  genera  present  in 
equatorial  America? 

The  genus  Paullinia  Lum6,  which  contains 
about  122  existing  species,  mostly  confined  to 
the  American  Tropics  but  sparingly  repre- 
sented in  Africa  and  Madagascar,  is  represented 
by  an  Oligocene  species  in  Prussia  and  2  early 
Miocene  species  in  southeastern  France  and 
Bohemia. 

The  genus  Thouinia  Poit,  which  in  the  mod- 
em flora  has  about  15  species  confined  to  the 
West  Indies  and  Mexico,  is  represented  by  an 
early  Tertiary,  probably  Eocene  species  in 
ChUe.  The  genus  Nephelium  Linn6,  which 
contains  more  than  a  score  of  existing  species 
in  southeastern  Asia,  is  recorded  by  Unger 
from  the  Aquitanian  of  Greece  and  by  Geyler 
from  the  Tertiary  of  Borneo. 

The  genus  Koelreuteria  Laxmann  is  repre- 
sented by  2  Chinese  species  in  the  existing 
flora.  In  the  fossil  state  it  is  recorded  from 
the  Tertiary  of  the  island  of  Sakhalin,  from 
Spitzbergen,  and  from  Switzerland  and  Baden. 
Felix  has  described  a  genus,  Schmideliopsis, 
based  on  fossil  wood  from  the  Oligocene  of  the 
island  of  Antigua,  very  close  t</  the  existing 
genus  Schmidelia  Linn6,  which  contains  more 
than  a  hundred  existing  species  in  all  tropical 
coimtries. 

Deane  records  3  species  of  Nephelites  from 
the  Tertiary  of  New  South  Wales. 

The  modem  Cupaniese  are  represented  in 
paleobotanic  literature  not  only  by  Cupania, 
but  by  species  of  Cupanites  and  Cupanoides. 
The  term  Cupanoides  was  proposed  by  Bower- 
bank  for  cupaniaceous  fruits  and  seeds,  of 
which  he  described  several  characteristic  spe- 
cies from  the  Ypresian  of  the  Isle  of  Shep- 
pey.  Similar  forms  have  also  been  recognized 
in  the  Miocene  of  Camiola  and  in  the  Pliocene 
of  Italy.  The  genus  Cupania  Linn6  contains 
about  35  existing  species,  which  are  confined 
to   the  American   Tropics.     Several  Ypresian 

1  Berry,  E.  W.,  Mao'land  Geol.  Survey,  Lower  Cretaceous,  pp.  467- 
474,  pis.  83-88,  1911. 
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species  from  the  south  of  England  have  been 
referred  to  it  by  Ettingshausen,  and  it  has  also 
been  recorded  from  the  Miocene  of  the  island 
of  Sakhalin.  The  greater  number  of  Cupania- 
like  forms  have,  however,  been  referred  to  the 
genus  Cupanites  Schimper,  of  which  9  or  10 
species  have  been  described,  and  with  the  excep- 
tion of  extremely  doubtful  forms  from  the 
Upper  Cretaceous  of  New  Zealand  and  the 
Tertiary  of  Australia,  the  oldest  authentic  oc- 
currences are  the  two  species  of  the  Wilcox 
flora.  There  is  a  third  species  in  the  overlying 
Oaibome  group  of  the  Mississi'ppi  embayment. 
The  oldest  European  form  comes  from  the  late 
Oligocene  of  Styria.  Miocene  species  are 
recorded  from  Germany,  Bohemia,  Austria, 
Croatia,  and  Himgary. 

The  genus  Dodoncea  Linn6,  often  made  the 
type  of  a  distinct  family,  the  DodonaeacesB, 
includes  about  50  existing  species  four-fifths 
of  which  are  Australian.  Dodonsea  viscosa 
Ldnnfi  is  cosmopolitan  in  the  Tropics  and  there 
are  one  or  two  additional  species  in  the  Ameri- 
can Tropics,  as  well  as  one  in  the  Hawaiian 
Islands  and  another  in  Madagascar.  The 
genus  (including  Dodonseites)  was  evidently 
widespread  in  former  times  and  more  than  a 
score  of  fossil  species,  based  on  both  leaves  and 
fruits,  have  been  described.  The  oldest  known 
forms  are  two  species  in  the  Ypresian  of  the 
south  of  England  and  the  two  contemporane- 
ous species  in  the  Wilcox,  which  are  repre- 
sented by  both  leaves  and  characteristic 
fruits.  There  are  5  Oligocene  species  in  France, 
Tyrol,  Bohemia,  and  Styria,  and  10  Miocene 
species  in  Prussia,  Baden,  Switzerland,  Bohe- 
mia,, and  Croatia.  A  well-marked  species 
occurs  in  the  Claiborne  (Lutetian),  ranging 
along  the  Claiborne  coast  from  northeastern 
Georgia  to  central  Louisiana. 

It  is  impossible  from  the  known  facts  to 
determine  the  place  of  origin  of  the  family,  but 
certain  genera  were  obviously  evolved  toward 
the  close  of  the  Lower  Cretaceous  in  equatorial 
America  and  have  lived  there  or  in  adjacent 
areas  throughout  the  long  stretch  of  time  until 
the  present. 

The  order  Rhamnales  includes  about  1,000 
existing  species  of  shrubs,  trees,  and  vines, 
about  equally  divided  between  the  famihes 
Rhamnaceee  and  Vitacese.  It  closely  parallels 
the  Sapindtdes  in  its  floral  development,  but  is 
distinguished  by  its  mostly  tetracyhc  flowers 


with  opposite  stamens,  many  of  them  lacking 
a  corolla.  The  leaves  are  simple  and  typically 
alternate.  Of  the  two  famiUes  only  the 
Rhamnaceae  is  represented  in  the  Wilcox  flora. 

The  family  RhamnacesB  (Frangulaceae)  in- 
cludes 47  genera  and  about  500  species  of 
shrubs  and  trees,  mostly  of  the  Tropics,  though 
several  genera  extend  for  considerable  dis- 
tances into  the  Temperate  Zone,  the  genus 
Rhamnus  in  particular  being  mostly  extra- 
tropical  in  the  Northern  Hemisphere.  The 
genera  Zizyphus,  Adelia,  and  Gouania  are 
foimd  in  all  tropical  countries.  Almost  half 
the  genera  are  conmion  to  more  than  one  con- 
tinental area.  America  has  the  greatest  num- 
ber of  peculiar  genera  (15)  with  about  85 
species.  Two  monotypic  genera  are  confined 
to  Asia,  5  genera,  including  the  large  genus 
Phylica  Linn6,  which  together  include  about 
70  species,  are  confined  to  Africa,  and  5  genera, 
including  the  two  large  genera  Spyridium 
Fenzl  and  Cryptandra  Smith,  in  all  about  70 
species,  are  confined  to  AustraUa. 

Ten  or  1 1  genera,  of  which  5  are  represented 
in  the  Wilcox  flora,  are  foimd  fossil,  the  three 
largest  being  Rhamnus,  Paliurus,  and  Zizyphus. 
The  genus  Rhamnus  Linn6,  which  is  cosmo- 
poUtan  in  the  northern  warm  temperate  and 
subtropical  zones,  includes  about  70  existing 
species.  There  are  considerably  more  than 
100  fossil  species,  mostly  well  characterized, 
the  leaves  of  which  are  simple,  commonly 
entire,  and  have  ascending  secondaries  and 
closely  spaced  fine  percurrent  nervilles.  A 
dozen  or  more  species  have  been  described  from 
the  Upper  Cretaceous,  the  genus  appearing  in 
the  Cenomanian  in  both  Europe  (Niederschoena, 
Saxony)  and  America  (Raritan  formation). 
There  are  6  species  in  the  Dakota  sandstone,  2  in 
the  Mago thy  formation,  1  in  the  Atane,  and  2  in 
the  Patoot  beds  of  Greenland.  The  genus  is 
represented  in  the  Montana  group  and  the 
Laramie  formation  of  the  western  interior 
region  and  in  the  Senonian  of  Westphalia. 
There  are  about  30  Eocene  species,  most  of 
them  North  American.  Species  of  Rhamnus 
are  very  common  in  the  Raton  and  Denver 
formations  along  the  Front  Range  of  the  Rocky 
Moimtains  and  from  the  base  to  the  top  of  the 
Wilcox.  There  are  4  species  in  the  Raton, 
8  in  the  Denver,  and  6  in  the  Wilcox.  Tlie 
genus  is  also  well  represented  in  the  later 
Eocene  along  the  Pacific  coast  and  in  western 
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Greenland.  In  Europe  only  a  single  species  is 
recorded  from  the  Paleocene.  The  Ypresian, 
which  is  synchronous  with  the  Wilcox,  contains 
3  species  in  the  south  of  England. 

There  are  1 1  or  12  Oligocene  species  in  France, 
Prussia,  Tyrol,  Italy,  Dalmatia,  Styria,  and 
Greece  and  a  single  undescribed  species  in  the 
Apalachicola  group  of  Florida.  There  are 
more  than  two  score  species  in  the  Miocene  of 
Switzerland,  Italy,  Bohemia,  Prussia,  and 
Styria,  Rhamnus  being  especially  abundant. 
It  is  also  foimd  in  the  Miocene  of  Iceland, 
Spitzbergen,  Manchuria,  and  the  island  of 
Sakhalin.  In  this  continent  there  are  species  in 
British  Columbia  and  in  Colorado. 

There  are  about  13  Pliocene  species,  of  which 
no  less  than  9  are  recorded  from  Italy  and  1 
from  the  island  of  Java.  There  is  an  extinct 
species  in  the  Pleistocene  of  Hungary  and  a 
still-existing  species  in  the  Pleistocene  of  the 
island  of  Madeira.  In  addition  to  the  species 
referred  to  Rhamnus  the  form  genus  Rham- 
nites  Forbes,  founded  on  3  species  from  the 
Eocene  of  the  Isle  of  MuU,  contains  2  Ameri- 
can Upper  Cretaceous  species  found  in  the 
Raritan,  Tuscaloosa,  Magothy,  and  Dakota 
formations.  A  species  occurs  in  the  Fort 
Union  and  another  in  the  Wilcox.  The  genus 
Rhamnacinium  of  Felix  is  based  on  petrified 
wood.  It  contains  5  or  6  species  found  in  the 
Eocene  of  the  Caucasus,  Texas,  and  Saskatche- 
wan, and  in  the  Miocene  of  Yellowstone  Park. 

The  genus  Paliurus  Jussieu,  which  includes 
only  2  existing  species,  ranging  from  southern 
Europe  through  southern  Asia  to  China  and 
Japan,  was  cosmopolitan  in  former  times. 
More  than  40  fossil  species  have  been  described. 
At  least  12  are  known  from  the  Upper  Creta- 
ceous, all  confined  to  North  America.  There 
are  2  species  each  in  the  Raritan,  Magothy,  and 
Laramie;  5  in  the  Dakota;  and  1  each  in  the 
Eutaw  formation  of  Georgia,  in  western  Green- 
land, and  Vancouver  Island.  There  are  10 
Eocene  species,  also  confined  to  North  America, 
2  of  them  found  in  the  Fort  Union  and  3  each 
in  the  Denver,  in  western  Greenland,  and  in  the 
Wilcox.  The  leaves  are  rare  in  the  Wilcox, 
but  the  characteristic  peltate  fruits  are  not 
unconmion.  The  oldest  European  forms  are 
2  species  in  the  Oligocene  of  France,  and  a  well- 
marked  species  is  contained  in  the  Oligocene 
(Vicksburg    group)     of    Louisiana.     The     13 


Miocene  species  are  found  in  Asia  (Siberia  and 
Sakhalin),  Europe  (Switzerland,  Baden,  Ger- 
many, Bohemia,  Italy,  Styria,  and  France),  and 
North  America  (Colorado  and  Oregon).  The 
presence  of  numerous  species  of  Paliurus  in  the 
Upper  Cretaceous  and  Eocene  of  North  America 
and  their  absence  on  other  continents  before  the 
Oligocene  renders  it  very  probable  that  the 
genus  originated  in  the  Western  Hemisphere. 

The  genus  Zizyphus  Jussieu,  which  contains 
about  40  existing  species,  largely  shrubs,  many 
of  them  prostrate  or  scrambling,  and  a  few 
small  trees,  is  mostly  Indo-Malayan  in  its  dis- 
tribution but  is  represented  by  a  few  species  in 
the  tropics  of  Eastern  Asia,  America,  Africa, 
and  Australia.  The  naturalized  Zizyphus  wlr 
garis  forms  extensive  thickets  in  some  localities 
in  southeastern  Louisiana.  There  are  more 
than  50  known  fossil  species,  and  the  10  Upper 
Cretaceous  species,  like  those  of  the  genus 
Paliurus,  are  confined  to  North  America.  They 
are  found  in  the  Raritan  and  Magothy  forma- 
tions of  New  Jersey  and  Maryland,  the  Eutaw 
formation  of  Georgia,  the  Tuscaloosa  formation 
of  Alabama,  the  Woodbine  sand  of  Texas,  the 
Dakota  sandstone  of  the  West,  the  Patoot 
beds  of  Greenland,  and  the  Upper  Cretaceous  of 
Alaska.  There  are  about  20  Eocene  species, 
including  the  two  common  and  characteristic 
species  of  the  Wilcox  and  1  in  the  overlying 
Claiborne  of  the  embajnnent  region,  5  in  the 
Denver,  3  in  the  Fort  Union,  2  in  the  Green 
River,  1  in  Alaska,  and  1  in  west  Greenland. 
There  are  2  Paleocene  species  in  France  and 
Belgium,  4  Ypresian  species  in  the  south  of 
England,  and  a  Lutetian  species  in  France. 
Eight  Oligocene  species  are  very  common  in 
deposits  of  this  age  tliroughout  Europe.  More 
than  20  species  have  been  recorded  from  the 
Miocene  of  Colorado  and  California  in  this 
country,  of  France,  Switzerland,  Germany, 
Italy,  Austria-Hungary,  and  Russia  in  Europe, 
and  of  Japan  and  Java  iu  Asia.  There  are  3 
or  4  Pliocene  species  in  Europe.  Though  the 
evidence  is  not  so  clear  as  for  Paliurus,  there 
is  a  possibility  that  Zizyphus  too  is  of  occi- 
dental origin. 

The  genus  Reynosia  Grisebach,  which  con- 
tains only  2  existing  coastal  species,  ranging 
from  the  Florida  Keys  through  the  West 
Indies,  includes  2  characteristic  species  based 
on  leaves  in  the  Wilcox  flora  and  a  third  species 
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based  on  the  petrified  wood  in  the  overlying 
Claibome  of  Texas. 

The  genus  Berchemia  Necker  contains  about 
a  dozen  existing  species,  10  of  which  are  con- 
fined to  eastern  and  southeastern  Asia,  1  lives 
in  eastern  extratropical  North  America,  and  1 
in  eastern  Africa.  This  distribution  could  not 
have  been  brought  about  except  by  the  agency 
of  a  cosmopolitan  Tertiary  range.  Though  the 
specific  differentiation  of  Berchemia  is  limited 
to  5  or  6  fossil  forms,  these  are  very  common 
and  have  a  wide  range.  The  earUest  occur- 
rences arc  in  North  America  and  include  the 
Raton,  Denver,  and  Fort  Union  formations  of 
the  Rocky  Mountain  province.  The  genus 
makes  its  appearance  in  Europe  during  the 
Oligocene  and  is  common  throughout  that 
region  in  the  Miocene,  becoming  restricted  to 
southern  Europe  (France,  Italy,  Sicily,  and 
Slavonia)  during  the  Pliocene,  except  for  a  form 
recorded  by  Reid  from  Limburg. 

A  species  of  Hoveniphyllum,  supposed  to 
represent  the  existing  genus  Hovenia  Thun- 
berg,  which  includes  a  single  existing  species 
in  southeastern  Asia,  is  found  in  the  Plio- 
Pleistocene  of  Japan.  The  genus  Colubrina 
Brongniart,  which  contains  15  existing  species 
in  tropical  America  and  1  in  southeastern  Asia, 
is  recorded  from  the  Miocene  of  Bohemia. 

The  genus  Pomaderris  Labill,  which  con- 
tains about  24  existing  species  confined  to 
Australia  and  New  Zealand,  is  represented  by  2 
species  in  the  Tertiary  of  AustraUa  and  3  species 
(Pomaderrites  Ettingshausen)  in  the  Miocene 
of  Prussia,  Bohemia,  and  Styria. 

The  genus  Gouiana  has  2  species  in  the 
Tertiary  of  Colombia,  according  to  Engelhardt. 

The  genus  Ceanothus  Linn6,  which  comprises 
about  40  existing  species  that  are  confined  to 
North  America,  has  been  made  to  include  nu- 
merous fossil  species  subsequently  referred  to 
Paliurus  or  Zizyphus.  There  are  4  species 
recorded  from  the  Upper  Cretaceous  of  Green- 
land, New  Jersey,  Vancouver  Island,  and 
Westphalia;  2  Eocene  species  from  Greenland 
and  British  Columbia;  a  Miocene  species  from 
Prussia,  Switzerland,  and  Italy;  and  a  Pleisto- 
cene species  in  Kentucky. 

The  next  order,  the  Malvales,  includes  9 
famihes  and  about  1,800  existing  species.  The 
TiUacesB,  SterculiaceaB,  and  Bombacaceae  are 
the  only  families  represented  in  the  Wilcox 


flora.  The  largest  modern  family,  the  Mal- 
vaceae, which  contains  more  than  800  species, 
many  of  which  are  herbaceous  and  range  from 
65°  north  latitude  in  Russia  to  45®  south 
latitude  in  New  Zealand,  is  not  represented  in 
the  Wilcox.  The  order  displays  somewhat 
uneven  or  but  little  understood  phylogenetic 
characters,  but  is  evidently  allied  to  the  suc- 
ceeding order,  the  Parietales,  through  the 
family  ElffiocarpaceaB.  These  inequaUties  of 
evolution  are  shown,  among  other  ways,  by  the 
complete  syncarpy  in  the  Tiliaceae,  associated 
with  an  indefinite  number  of  stamens  and  by 
the  complex  arrangement  of  the  stamens  in 
the  Sterculiacese,  associated  with  more  or  less 
incomplete  union  of  the  carpels.  Both  the 
leaves,  flowers,  and  fruits  exhibit  a  wide  range 
of  variations  throughout  the  order. 

The  family  Tiliacese,  represented  in  the  Wil- 
cox flora  by  a  single,  not  very  common  form 
of  Grewiopsis,  includes  about  35  genera  and 
370  existing  species,  mostly  of  tropical  lands, 
and  shows  two  centers  of  differentiation  and 
distribution — one  the  area  surrounding  the 
Indian  Ocean  and  the  other  in  northern  South 
America.  The  geologic  history  is  chiefly  con- 
fined to  the  four  genera  Tilia  (or  Tilieephyllum), 
Grewia,  Grewiopsis,  and  Apeibopsis.  The  ge- 
nus Luhea  has  been  described  from  the  Eocene 
of  Sfoanne  (Langeron)  and  from  the  Oligocene 
of  Menat  (Laurent),  both  French  localities,  and 
also  from  the  Tertiary  of  Ecuador.  The  genus 
Tilia  Linn6,  which  includes  18  or  20  widely 
distributed  existing  species  in  the  North  Tem- 
perate Zone,  exclusive  of  western  North  America 
and  central  Asia,  has  furnished  about  25  fossil 
species  based  on  both  leaves  and  fruits.  The 
oldest  known  species  comes  from  the  North 
American  Eocene.  There  are  no  conclusive 
Oligocene  records  except  two  French  species, 
but  about  15  Miocene  species  are  found  in 
North  America,  Europe,  Asia,  and  the  Arctic 
regions.  There  are  5  Phocene  species  recorded 
from  Europe  and  Japan  and  6  Pleistocene 
species  from  Ontario,  New  Jersey,  France, 
Germany,  Holland,  and  Denmark.  The  exist- 
ing range  of  the  genus  apparently  dates  from 
Miocene  time. 

The  genus  Grewia  Linn6  includes  about  90 
existing  species  that  range  from  Arabia  to 
China  and  Japan  and  through  Malaysia  to 
Austraha,  and  from  Abyssinia  to  South  Africa^ 
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as  shown  roughly  on  the  accompanying  sketch 
map  (fig.  7).  About  15  fossil  forms  have  been 
described.  The  oldest  known,  5  Eocene  species, 
come  from  western  North  America.  There  are 
2  Oligocene  species  in  Europe  and  about  6 
Miocene  species  in  Oregon,  Spitzbergen,  and 
throughout  Europe.  The  larger  number  of 
Grewia-like  fossil  forms  are,  however,  referred 
to  the  genus  Grewiopsis  of  Saporta.  Six  of 
these  forms  come  from  the  Upper  Cretaceous 
and  all  are  confined  to  North  America,  a  very 
significant  fact,  since  several  of  them  are  espe- 
cially well  marked.  They  are  found  in  the 
Magothy  formation  of  the  east  coast,  the  Tus- 


ancestors  were  common  in  the  Upper  Creta- 
ceous and  Eocene  of  North  America. 

The  fourth  fossil  genus  of  Tiliacese  is 
Apeibopsis  Heer,  named  from  its  affinity  with 
the  existing  genus  Apeiba  Aublet,  which  con- 
tains 5  or  6  species  that  are  confined  to  tropical 
South  America.  To  this  genus  should  prob- 
ably be  referred  the  Arctic  forms  described  by 
Heer  as  Nordenskioldia.  Apeibopsis  includes 
not  only  leaves  but  very  characteristic  fruits. 
To  it  are  referred  somewhat  doubtfully  deter- 
mined leaves  from  the  Upper  Cretaceous 
Dakota  sandstone  and  Atane  beds.  There  are 
about  14  Tertiary  species,  including  a  basal 


Ftoxjbe  7.— Sketch  map  showing  areas  of  distribution  of  recent  and  fossil  species  of  Orewia  and  Grewiopsis.    1,  Cretaceous  and  Tertiary 

species  of  Grewia  and  Grewiopsis;  2,  Tertiary  species  of  Grewia. 


caloosa  formation  of  the  south  coast,  and  the 
Dakota,  Montana,  and  Laramie  formations  of 
the  vsrestem  interior  region.  Thete  are  about 
6  Eocene  species  in  the  Denver,  Lance,  and 
Fort  Union,  1  in  the  Wilcox  and  1  in  the 
Claiborne  of  the  Mississippi  embayment  region, 
6  in  the  Paleocene  of  France,  and  1  in  the 
Ypresian  of  England.  A  Miocene  (?)  species 
is  recorded  from  Yellowstone  Park.  This  geo- 
logic distribution  is  plotted  on  the  accompany- 
ing sketch  map  for  comparison  with  the  exist- 
ing range  of  Grewia,  and,  though  some  of  the 
fossil  records  ascribed  to  the  genus  Populus  are 
possibly  those  of  Grewia  or  its  ancestral  stock, 
it  seems  clear  that  the  Grewia  or  its  immediate 


Eocene  form  from  Wyoming,  2  Ypresian  forms 
from  England,  a  species  from  west  Greenland, 
3  species  in  the  Ugnites  of  Brandon,  Vt.,  2 
Oligocene  speciesfrom  Italy,  and  5  Miocene  spe- 
cies from  France,  Switzerland,  and  Bohemia. 
The  family  Bombacaceoe,^  which  includes  20 
genera  and  about  120  existing  species,  is  con- 
fined to  the  Tropics,  and  principally  to  the 
American  Tropics.  The  only  known  fossil 
forms  are  those  of  the  genus  Bombax  or  the 
aUied  Bombaciphyllum  and  Bombacites.  Bom- 
bax Linn6  includes  about  50  existing  species, 
all  large  tropical  trees  and  almost  confined  to 

lEttingshausen,  C.  von.  Ueber  die  nervation  der  Bombaceen:  K.  Akad. 
Wlss.  Wlen,  Math.-nat.  CI.,  Denkschr.,  Bd.  14.  pp.  4»-62,pls.  l-H,  1858. 
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America.  There  is  a  single  species  in  Africa, 
about  6  in  southern  Asia,  and  1  in  Australia.  The 
fossil  species  number  more  than  20,  the  oldest 
known  being  a  common  form  in  the  Perucer 
beds  (Cenomanian)  of  Bohemia  and  Moravia. 
An  Albian  species  of  Bombax  described  by 
Fontaine  is  entirely  valuelass.  There  are  3 
species  in  the  Ypresian  of  southern  England 
and  2  well-marked  forms  in  the  Wilcox  flora. 
There  are  3  additional  Eocene  forms  from 
Chile.  There  are  5  or  6  Oligocene  species 
recorded  from  South  America,  France,  Saxony, 
Bohemia,  and  Carniola.  The  genus  is  repre- 
sented in  the  early  Oligocene  (Sannoisian)  of 
southeastern  France  not  only  by  the  foliage 
but  by  beautifully  preserved  flowers,  so  that 
there  is  little  ground  for  questioning  the  cor- 
rectness of  the  identifications.  There  are  7 
Miocene  species  in  Bohemia,  Croatia,  Styria, 
and  Australia. 

The  family  SterculiaceaB  includes  about  6 
genera  and  800  existing  species  of  mostly 
tropical  shrubs  and  trees  which  bear  prevail- 
ingly large,  simple,  or  digitately  lobed  or 
divided  leaves.  Some  of  the  flowers  are 
apetalous  and  differ  from  those  of  the  Mal- 
vaceaB  in  their  2-celled  extrorse  anthers. 
Syncarpy  is  more  or  less  complete. 

The  Sterculiaceae'  of  the  existing  flora  are 
found  on  all  the  continents  except  Europe. 
The  genera  Stercidia,  Ilelicteres,  Melochia, 
Bucttneria,  and  Hermannia  are  represented 
by  species  in  both  the  Eastern  and  Western 
hemispheres.  The  geologic  history  of  the 
family  extends  back  to  the  base  of  the  Upper 
Cretaceous  but  is  confined  to  a  relatively  few 
genera.  The  most  abundant  of  these  genera 
is  Sterculia  Linn6,  which  in  the  existing  flora 
comprises  about  100  species  of  large-leafed 
trees.  These  species  are  grouped  into  three 
tribes  named  from  the  habit  of  the  leaves  the 
Digitatse,  Lobatse,  and  IntegrifoUae.  The  first 
of  these  tribes  ranges  from  Farther  India  to 
Australia  and  includes  only  one  or  two  Ameri- 
can species.  The  second  is  most  abundant  in 
the  American  Tropics  but  is  also  found  in  Asia 
and  Africa  and  shows  many  parallelisms  be- 
tween the  American  and  Asiatic  forms.  It  is 
most  abundantly  represented  in  the  past 
history  of  the  genus.  The  third  and  largest 
modern  tribe,  the  Integrifoliae,  contains  5  or  6 
American  species,  and  the  remainder  are  found 
in  Asia  and  Africa. 


The  fossil  forms  (sometimes  referred  to 
Sterculiphyllum)  comprise .  more  than  50  spe- 
cies. More  than  a  score  are  known  from  the 
Upper  Cretaceous.  They  are  mostly  American 
and  are  referable  to  the  tribe  Lobatae,  which 
may  well  have  originated  in  the  W^estern 
Hemisphere.  The  Credneria  sandstone  of  Sax- 
ony and  the  Perucer  beds  of  Bohemia  (both 
Cenomanian)  each  contain  a  species,  and  a 
third  occurs  in  the  Turonian  of  Bohemia. 
The  other  forms  are  North  American  and  in- 
clude species  in  the  Earitan  formation,  the 
Cheyenne  sandstone  of  southern  Kansas,  and 
in  British  Columbia,  a  species  in  the  Patoot 
beds  of  western  Greenland,  6  species  in  the 
Magothy  formation  of  the  Atlantic  Coastal 
Plain,  and  8  species  in  the  Dakota  sandstone 
of  the  western  interior  region.  There  are  less 
than  a  dozen  Eocene  species,  most  of  them 
confined  to  the  lower  Eocene.  Thus  there  are 
3  species  in  the  Paleocene  of  France  and 
another  in  the  Ypresian  of  England,  as  well  as 
1  or  2  in  the  Denver  and  Baton  formations  of 
the  Rocky  Mountain  Front  Range.  The  single 
large  Wilcox  species  is  entirely  typical  and 
shows  the  usual  variabiUty  in  lobation  and 
size.  It  appears  to  be  filiated  with  Sterculia 
STuywii  Lesquereux  from  the  American  Upper 
Cretaceous  and  exactly  matches  several  exist- 
ing species.  There  is  a  small-leafed  species  in 
the  middle  Eocene  (Claiborne  group)  of  the 
embayment,  which  exactly  matches  the  typical 
Sterculia  lahrusca  Unger  from  the  European 
Tertiary  and  the  existing  Sterculia  dixfcrsifoUa 
Don.  It  is  closely  paralleled  by  2  American 
Upper  Cretaceous  species — S,  minima  Berry 
and  S,  mucronaia  Lesquereux.  There  are 
more  than  10  Oligocene  species  widely  scattered 
over  Europe  and  about  15  Miocene  species, 
mostly  European,  but  including  a  single 
species  on  the  east  coast  of  Asia  (Sakhalin) 
and  2  species  in  Colorado,  one  of  them  espe-- 
cially  well  marked.  There  are  several  Pliocene 
species  in  southern  Europe. 

Two  somewhat  different  species  of  sterculi- 
aceous  capsular  fruits  from  the  Wilcox  are 
referred  to  a  new  genus,  Sterculiocarpus.  The 
larger  of  these  forms,  S.  eocenicus,  seems  refera- 
ble to  the  subfamily  Buettnerieae,  and  the 
smaller,  S.  sezanneUoides,  is  referable  to  the 
LasiopetalesB  or  Helictereae.  Both  are  very 
similar  to  the  fruits  from  the  Paleocene  of 
S6zahne    referred    to    the    genus   Sezannella, 
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which  contains  2  species  described  by  Viguier 
from  casts  6f  wonderfully  preserved  flowers 
as  well  as  fruits  from  the  celebrated  travertines 
of  S&zanne,  and  referred  with  great  certainty 
to  the  LasiopetalesB. 

The  tribe  Dombeyeae,  which  includes  7  genera 
and  about  75  existing  species,  is  almost  entirely 
confined  to  Africa  and  the  adjacent  islands,  only 
5  or  6  species  of  the  genus  Melhania  Forskal 
ranging  from  Arabia  to  Farther  India.  This 
tribe  is  represented  in  f6ssil  floras  by  the  genus 
Dombeyopsis  Unger,  named  from  its  supposed 
affinity  with  the  modem  genus  Dombeya 
Cavanilles,  which  embraces  40  African  species, 
mostly  from  Madagascar.  About  30  species 
have  been  referred  to  Dombeyopsis.  They 
are  liable  to  be  confused  with  Luhea,  Grewia, 
and  other  forms  of  the  aUied  family  Tihacese. 
There  are  3  species  in  the  Laramie  Cretaceous, 
2  in  the  Denver  formation,  12  (according  to 
Massalongo)  in  the  upper  Eocene  of  Monte 
Bolca  in  Italy,  5  in  the  European  Ohgocene, 
and  6  in  the  Miocene  of  Iceland,  France, 
Switzerland,  Prussia,  Silesia,  and  Styria.  A 
Phocene  species  is  recorded  from  central 
France.  Fossil  wood  described  as  Dombey- 
oxylon  is  recorded  by  Schenk  from  the  late 
Tertiary  near  Cairo,  Egypt. 

The  Buettnerieae  are  represented  by  a  doubt- 
ful species  described  from  the  Miocene  of  Colo- 
rado and  probably  by  some  of  the  fossil  forms 
referred  to  other  genera,  for  instance  some 
of  the  palmately  veined  Ficus-Uke  forms, 
such  as  Ficus  ocddentalis  and  Ficus  scMmperi, 
both  of  which  are  present  in  the  Wilcox  flora. 
Flowers  of  Buettneria  were  reported  from 
S^anne  by  Solms-Laubach,  but  should  proba- 
bly be  referred  to  the  subsequently  described 
genus  Sezannella,  previously  mentioned. 

The  HeUctereae  are  represented  by  a  doubtful 
species  of  HeUcteres  Linn6  described  from  the 
Pliocene  of  Italy  and  by  forms  referred  to  the 
existing  genus  Pterospermum  Schreber  or  to 
the  extinct  genus  Pterospermites  Heer.  More 
than  30  species  have  been  described.  There 
are  9  or  10  in  the  Upper  Cretaceous,  all  of 
which  are  North  American,  and  their  combined 
range  extends  from  New  York  to  western 
Alabama,  throughout  the  Kocky  Moimtain  and 
Great  Plains  province  and  in  the  Atane  beds 
of  Greenland.  There  are  about  a  dozen 
Eocene  species,  all  North  American,  except  a 
single  species  in  the  Paleocene  of  France.     The 


American  forms  extend  northward  to  west 
Greenland  and  Alaska.  There  are  2  or  3 
species  in  the  European  Ohgocene  and  10 
Miocene  species  throughout  Europe  and  in 
western  North  America  (Yellowstone  Park, 
Cahfornia,  and  the  mouth  of  Mackenzie  River). 
A  single  Phocene  species  is  recorded  from 
France.  This  type  probably  originated  in  the 
Western  Hemisphere,  since  it  is  so  abundantly 
represented  in  that  region  during  the  Upper 
Cretaceous  and  Eocene.  The  modern  species 
of  Pterospermum  are,  however,  conflned  to 
eastern  tropical  Asia. 

The  order  Parietales  includes  30  famihes  and 
more  than  4,000  existing  species.  The  largest 
famihes  are  the  Guttiferae  (775  species),  Fla- 
courtiacesB  (530  species),  BegoniaceaB  (425 
species),  Violacese  (400  species),  and  Diptero- 
carpacesB  (330  species).  None  of  these  famihes 
are  found  in  the  Wilcox  flora,  where  the  order  is 
represented  by  the  2  famihes  DiUeniaceae  and 
TemstroemaceflB.  The  Parietales  are  prevail- 
ingly syncarpous  and  show  affinities  with  the 
Ranahan  plexus  through  the  DilleniacesB, 
which  were  formerly  referred  to  that  order. 
The  alhance  as  a  whole  is  complex  and  includes 
several  divergent  lines  of  development  with  a 
gradual  increase  on  the  whole  in  floral  com- 
plexity. 

The  family  Dilleniaceee  contains  14  genera 
and  about  275  existing  species  found  on  all  the 
continents,  the  genus  Tetracera  being  cos- 
mopohtan  in  the  Tropics.  The  genera  Empe- 
doclea,  CurateUa,  Dohocarpus,  and  Davilla, 
which  include  50  species,  are  confined  to  the 
American  Tropics;  Hibertia  and  Pachynema, 
which  include  75  species,  are  Austrahan;  5 
genera  and  25  species  are  confined  to  the 
Asiatic  Tropics;  the  genus  Saurauia  (or  Sau- 
rauja),  which  comprises  about  60  species,  is 
common  to  Asia  and  South  America;  and  the 
genus  Dillenia,  which  contains  about  25  species, 
ranges  from  Asia  to  Austraha;  so  that  on  the 
whole  the  family  is  prevailingly  oriental  in  the 
existing  flora. 

The  fossil  record  is  unfortunately  most  in- 
complete, though  it  illustrates  the  wider  range 
of  the  genera  in  response  to  milder  climatic  con- 
ditions in  both  the  North  Temperate  and  South 
Temperate  zones  during  the  Tertiary,  and  also 
the  fact  that  several  of  the  modem  American 
genera  have  been  American  through  their 
known   geologic    history.     Thus  Empedoclea, 
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which  includes  2  existing  South  American 
species,  sometimes  made  a  subgenus  of  Tetra- 
cera,  has  a  fossU  form  in  the  early  Tertiary  of 
Chile.  The  genus  DoUocarpus,  which  com- 
prises about  20  recent  species,  also  in  the  South 
American  Tropics,  has  2  fossil  forms  in  the  early 
Tertiary  of  Chile.  The  genus  Davilla,  which 
embraces  25  modem  species  in  tropical  America, 
is  doubtfully  represented  in  the  Wilcox  flora 
by  Calycites  daviUaformis  Berry. 

The  genus  Saurauja,  which  includes  60 
modem  species  in  South  America  and  Asia,  is 
represented  by  a  species  in  the  Paleocene  of 
France,  another  in  the  Ypresian  of  the  south 
of  England,  and  a  third  in  the  Miocene  of 
Croatia. 

The  genus  Actinidia,  comprising  oriental 
shrubs,  is  represented  by  characteristic  seeds 
in  the  PUocene  of  the  Holland-Prussian  border. 

The  genus  Dillenia,  which  comprises  25 
existing  species  that  are  confined  to  Asia  and 
Australia,  is  represented  by  a  form  in  the 
Paleocene  of  Belgium  and  by  some  of  the  Wil- 
cox species  referred  to  the  form  genus  Dillenites. 
The  genus  Tetracera,  which  includes  40  recent 
species  foimd  in  all  tropical  lands,  is  repre- 
sented by  2  fossil  species  in  the  early  Tertiary 
of  Chile,  another  in  the  PUocene  of  Java,  and  by 
some  of  the  species  of  DUlenites  in  the  Wilcox 
flora.  I  have  recognized  5  well-marked  spe- 
cies of  Dillenites  in  the  Wilcox,  which  appear 
to  represent  modem  forms  of  both  Dillenia  and 
Tetracera. 

Conwentz  described  3  species  of  Hibbertia,  a 
large  Australian  genus,  in  the  Baltic  amber 
(Sannoisian),  but  Schenk  considered  that  they 
did  not  belong  to  this  genus  or  even  to  the 
family. 

The  family  Temstroemiace®  (Theaceae).  con- 
tains about  16  genera  and  175  existing  species, 
mostly  tropical,  though  they  extend  into  the 
North  Temperate  Zone  in  North  America  and 
eastern  Asia  (Thea,  Gordonia,  and  Stewartia). 
The  following  7  out  of  the  16  genera  are  con- 
fined to  a  single  area:  Bennetia  Martins, 
which  includes  5  species,  inhabits  the  South 
American  strand;  Asteropeia  Thouars  is  con- 
fined to  Madagascar;  Thea  Linn6,  which  in- 
cludes 16  species,  is  confined  to  southern  and 
eastern  Asia;  Mountnorrisia  Szyszlowicz,  which 
includes  2  species,  is  a  native  of  the  East  Indies; 
the  3  mo.notypic  genera  Visnea  Linn6,  Treman- 
thera  Miiller,  and  Pelliciera  Triana  and  Plan- 


chon  are  confined  respectively  to  the  Canary 
Islands,  New  Guinea,  and  Central  America. 
The  remaining  9  genera,  all  relatively  small, 
are  all  found  in  more  than  one  region.  Thus 
Archytsea  Martins  includes  2  species  in  north- 
ern South  America  and  a  third  in  the  East 
Indies;  Gordonia  Elliott  includes  2  North 
American  species  and  14  scattered  from  India 
to  Malaysia;  Hsemocharis  Salisbury  includes  9 
American  and  5  Asiatic  species;  Stewartia 
Linn6,  which  includes  5  species,  is  found  in 
North  America  and  Japan;  Taonabo  Aublet  has 
20  species  in  South  America  and  8  in  Asia; 
Adinandra  Jack  has  19  African  species  and  1 
Asiatic;  Eurya  Thimberg,  which  comprises  36 
species  and  many  varieties,  is  confined  to 
tropical  America  and  the  East  Indies. 

This  remarkable  existing  distribution  and 
the  pairing  of  America  and  Asia,  as  well  as 
the  fact  that  5  subfamilies  are  required  for 
only  16  genera,  are  sure  indications  that  the 
family  has  an  extended  geologic  history  and 
that  many  of  the  genera  were  once  cosmo- 
politan. Unfortunately  most  of  this  history 
is  unknown. 

The  genus  Stewartia  is  represented  in  the  Bal- 
tic amber  by  a  fine  flower  (Stevxirtia  Tcowalowskii 
Caspary),  by  fruits  in  the  PUocene  of  limburg, 
and  by  leaf  remains  from  the  Pho-Pleistoccne 
of  Japan  (Mogi).    Gordonia  has  a  species  ia  the 
Pleistocene  of  Java.     The  genus  Emya  Thun- 
berg,  now  American  and  East  Indian,  is  repi^ 
sented  by  a  species  in  the  Oligocene  of  France 
(Freziera  Swartz).     Fossil  wood  described  by 
Felix  and  named  Temstroemiacinium  occurs  in 
the  Eocene  of  the  Caucasus.     Visnea  Linn6, 
now  confined  to  the  Canaries,  includes  a  typical 
fruit  in  the  Aquitanian  of  Rhenish  Prussia. 
The  genus  Temstroemia  Nuttall  (antedated  by 
Taonabo  Aublet)  includes  several  fossil  species, 
the    oldest    of    which    (Temstroemiphyllum) 
comes  from  the   Perucer   beds   (Cenomanian) 
of  Bohemia.     It  is  represented  by  2  species  in 
the  Ypresian  of  the  Isle  of  Wight,  one  in  the 
Miocene    of    Bohemia,    and    another    in    the 
Miocene  of  Croatia.     I  have  described  4  well- 
marked  species  of  Temstroemites  from  the  Wil- 
cox group  and  similar  forms  are  foimd  in  the 
overlying  Claiborne  group  (Lutetian).     Finally 
the    very    abundant    species    in    the    North 
American  Cretaceous   described    as    Celastro- 
phyUum,  already  mentioned  in  the  discussion 
of  the  Celastracese,  are  very  probably,  in  part 
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at  least;  referable  to  this  family,  so  that  enough 
is  known  of  the  geologic  history  of  the  group  to 
confirm  at  least  the  statement  previously  made 
that  it  must  have  had  a  long  and  complex  history. 

The  family  Lauracese,  which  includes  about 
1,000  existing  species  distributed  among  40  to 
50  genera,  is  often  placed  next  to  the  family 
AnonacesB  among  the  Ranales.*  It  may  be 
noted,  however,  that  the  spiral  arrangement 
of  floral  organs  characteristic  of  the  order 
Ranales  is  replaced  by  a  cyclic  arrangement, 
and  hypogyny  is  also  replaced  by  epigyny,  so 
that  I  follow-  various  students  in  referring 
the  LauracesB  to  the  order  Thymeleales,  the 
other  large  family  of  which,  the  ThymelseacesB 
(not  known  in  Wilcox  flora),  contains  about 
400  existing  species,  chiefly  of  temperate 
Australia  and  the  Cape  region  of  Africa. 

The  geographic  distribution  of  the  Lauracese 
can  not  be  set  forth  as  briefly  as  the  classifica- 
tion, since  there  are  not  only  many  anomalies 
in  the  distribution  of  the  existing  species,  but 
so  much  of  the  geologic  history  is  known  that 
the  diificulties  seem  increased  thereby  rather 
than  diminished.  Thus  the  existing  species  of 
the  family  are  divided  into  8  tribes,  no  one  of 
which,  except  the  monotypic  Eusideroxyle® 
of  Borneo,  is  restricted  to  a  single  continental 
region. 

The  largest  of  these  tribes,  the  CiimamomesB, 
includes  more  than  500  species  endemic  on  all 
the  continents  but  Europe,  though  chiefly 
Asiatic  and  American.  The  4  genera  Persea, 
Phcebe,  Notaphoebe,  and  Mespilodaphne  are 
found  in  both  hemispheres;  Cinnamomum  and 
Machilus  are  oriental;  and  Oreodaphne,  Strych- 
nodaphne,  Nectandra,  Pleurothyrium,  Um- 
bellularia,  Dicypellium,  and  Synandrodaphne 
are  occidental.  The  first  three  of  these  genera 
are  large,  and  the  last  four  are  monotypic. 

The  tribe  LitseesB,  which  includes  6  genera 
and  about  200  species,  is  represented  on  all  the 
continents  except  Europe  and  Africa.  Only 
9  of  these  200  species  are  found  in  the  Occident, 
yet  among  these  is  the  monotypic  North 
American  genus  Sassafras,  and  the  genus 
Sassafridium  which  is  confined  to  the  American 
Tropics.  All  the  other  genera  are  found  on 
more  than  one  continent. 

The  tribes  Apolloniese,  CrsrptocaryesB,  and 
Cassythese  are  foimd  on  all  the  continents  but 

lEngler,  A.,  and   Prantl,  K.,  Die  natUrllchen  Pflaxuenfamilien, 
1S87-1901. 


Europe.  The  Laurese  are  Eurasiatic  and  the 
Acrodiclidieaa  are  confined  to  Central  and  South 
America,  except  the  genus  Endiandra,  which 
comprises  Id  species  in  the  East  Indies  and 
Australia. 

The  problem  of  correctly  identifying  leaves 
of  the  genera  of  this  family  is  beset  with  almost 
insurmoimtable  difficulties,  not  the  least  of 
which  are  the  wide  differences  in  usage  among 
students  of  the  recent  forms,  where  the  whole 
plant  is  available  for  study.  Long-continued 
paleobotanic  practice  has  been  to  refer  most 
fossil  leaves  that  lacked  the  more  apparent 
characters  of  Cinnamomum  or  Sassafras,  Persea 
or  Malapoenna,  and  the  Uke,  to  the  compre- 
hensive genus  Laurus,  a  practice  adopted  at  a 
time  when  Laurus  was  used  in  a  comprehensive 
sense.  Some  paleobotanists  generahzed  still 
further,  as  by  using  LaurophyUmn  for  laura- 
ceous  leaves  of  imcertain  generic  affinity  and 
not  necessarily  close  to  the  existing  species  of 
Laiuns.  In  fact  the  species  of  LaurophyUum 
are  in  general  not  true  species  of  Laurus.  I 
have  departed  from  this  practice  of  describing 
new  species  of  Laurus  for  many  reasons,  fore- 
most among  which  is  the  very  great  aflSnity 
between  the  Wilcox  flora  and  the  existing  flora 
of  the  American  Tropics,  so  that  the  evidence 
from  the  fohage  of  a  large  number  of  genera  is 
corroborated  by  fruits  or  seeds  or  wood  anat- 
omy. I  have  used  this  similarity  with  a  great 
deal  of  confidence,  perhaps  with  too  much,  and 
the  result  has  been  that  the  following  stand  out 
as  the  more  important  lauraceous  types  in  the 
Wilcox  flora.  Nearly  all  these  forms  are  seem- 
ingly members  of  the  subfamily  Persoidese  of  ' 
the  tribe  Cinnamomese,  as  segregated  in  Engler 
and  PrantVs  '^Naturhchen  PflanzenfamiUen." 

First,  the  genus  Cinnamomum,  usually 
readily  recognized  and  certainly  represented  in 
our  Eocene  floras. 

Second,  the  genus  Persea,  represented  by  the 
larger  and  wider  forms  with  the  typical  vena- 
tion of  this  genus. 

Third,  the  genus  Nectandra,  so  abundant  and 
characteristic  of  the  existing  flora  of  tropical 
and  subtropical  America,  represented  by  sev- 
eral species  very  close  to  modem  forms. 

I  have  failed  to  follow  the  latest  usage,  which 
recognizes  the  genus  Ocotea  as  such,  since  for 
obvious  reasons  it  seems  wise  to  recognize  the 
genera  Mespilodaphne  and  Oreodaphne  of  Nees 
rather  than  to  regard  them  as  subgenera  of 
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Ocotea.  The  third  subgenus  of  Ocotea,  Strych- 
nodaphiie,  I  have  failed  to  recognize  in  the 
Eocene  flora  of  this  area. 

The  only  apparent  oddity  in  distribution 
shown  by  the  Wilcox  Lauracese  in  comparison 
with  recent  floras  of  tropical  America  is  the 
abundance  of  Cinnamomura,  and  this  simply 
confirms  the  well-known  cosmopoUtanism  of 
this  genus  in  the  early  Tertiary.  Grisebach 
records  only  28  species  of  Lauraceae  in  his  flora 
of  the  British  West  Indies,  most  of  which  are 
not  coastal  forms,  although  many  have  a  wide 
range  from  lowlands  to  mountains.  Hemsloy 
records  only  36  species  of  Lauraceae  in  his  flora 
of  Mexico  and  Central  America,  though  Brazil 
on  the  other  hand  has  furnished  more  than  350 
species.  As  regards  the  Lauracese,  those  of  the 
Wilcox,  which  number  30  different  forms,  are 
more  closely  comparable  with  the  more  abun- 
dant modem  representation  of  this  family  in 
northern  South  America.  This  receives  more  or 
less  confirmation  from  a  study  of  the  remainder 
of  the  Wilcox  flora.  All  the  facts  seem  to  show 
that  the  early  Eocene  floras  of  the  Mississippi 
embayment  are  much  more  hke  those  existing 
at  the  present  time  along  the  Caribbean  Sea  in 
Central  America  and  northern  South  America 
than  they  are  hke  those  of  the  West  Indies.  I 
do  not  mean  that  the  Wilcox  flora  has  not  many 
points  of  resemblance  to  the  lowland  flora  of  the 
West  Indies  and  that  of  the  Florida  Keys. 
They  contain  very  many  common  types  but 
with  this  difference.  The  Mississippi  embay- 
ment Eocene  floras  represent  a  maximimi 
northward  extension  of  a  flora  like  that  which 
now  inhabits  northern  South  America.  At  the 
end  of  the  OUgocene,  along  with  the  southward 
migration  of  the  temperate  Miocene  fauna  as 
far  as  Florida,  this  flora  retired  to  the  South 
American  mainland,  and  the  present  floras  of 
the  West  Indies,  Florida  Keys,  Bahamas,  and 
Bermuda  represent  a  later  northward  migration 
from  that  area,  a  migration  in  which  some  of 
the  Wilcox  types  were  loft  behind. 

The  existmg  species  of  Cinnamomum  *  num- 
ber about  50.  They  are  confined  to  the  oriental 
Tropics  except  for  their  extension  into  the 
warmer,  more  humid  part  of  the  Temperate 
Zone  in  Japan,  and  they  have  their  cliief  center 
of  differentiation  in  the  elevated  region  of 
Burma,    Siam,    Cochin-China,    and    Malaysia, 

1  Stiiub,  M.,  Die  Geschichte  des  genus  CinnamomuTn,  Budai)est,  1905. 


although  they  are  cultivated  in  all  tropical 
countries  and  outside  the  Tropics  in  Europe, 
Africa,  and  North  America.  Their  fruits  are 
eaten  by  birds,  which  seed  them  freely  so  that 
they  commonly  escape  from  cultivation.  Thus 
Cinnumomum  camphara  (Linn6)  Nees  and 
Ebermaier  is  naturalized  throughout  peninsular 
Florida  and  the  commercial  Cinnumamum  zetj- 
lanicum  Breyn  is  readily  naturalized  in  the 
same  manner  from  the  oriental  camphor  plan- 
tations. 

Though  the  records  for  constructing  the 
geologic  history  of  Cinnamomum  are  far  from 
complete  the  known  fossil  species  are  more 
numerous  than  the  recent  species,  and,  as  is 
the  case  with  so  many  plant  groups,  the  exten- 
sion of  range  during  the  Upper  Cretaceous  and 
Tertiary  is  surprising.  The  original  home  of 
the  genus  is  unknown,  for  it  appears  in  the 
early  part  of  the  Upper  Cretaceous  at  about  the 
same  time  in  New  Zealand,  Austraha,  central 
Europe,  Greenland,  and  North  and  South 
America.  The  European  and  North  American 
records  appear  to  be  sUghtly  older  than  the 
others  and  would  indicate  that  the  Asiatic 
region  may  have  been  the  original  home  of  the 
genus,  which  spread  northeastward  across  the 
Bering  region  to  America  and  northwestward 
into  the  European  region,  which  was  largely 
an  archipelago  at  that  time. 

The  Eocene  records  include  all  the  continents 
except  the  Antarctic  Continent  and  South 
America.  The  OUgocene  records  are  chiefly 
Eiu-opean  and  African,  although  the  genus  is 
still  represented  in  the  Alum  Bluff  formation 
of  Florida.  During  the  Miocene  Cinnamomum 
was  abundant  in  Europe  and  also  occurred  in 
Asia  but  appears  to  have  become  extinct  in 
North  America — at  least  there  arc  no  conclu- 
sive North  American  records.  Some  fruits 
from  the  lignites  of  Brandon,  Vt.,  have  been 
referred  to  Cinnamomum,  but  these  lignites 
are  in  my  opinion  pre-Miocene  in  age.  The 
Pliocene  records  are  entirely  European  and 
East  Indian.  The  genus  appears  to  have  lin- 
gered as  a  common  type  in  Mediterranean 
Europe  until  the  changing  climates  that  ush- 
ered in  the  Pleistocene  glaciation  caused  its 
extinction.  Any  connected  distribution  with 
its  present  oriental  home  across  southwestern 
Asia  had  already  been  interrupted  by  the  oro- 
genic  movements  and  the  development  of  arid 
conditions  in  southwestern  Asia. 
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Six  well-marked  types  of  Ciimamomum 
leaves  are  described  from  the  Wilcox  group, 
some  of  them  abundant  and  generally  distrib- 
uted, and  all  bat  two  appear  to  be  new  to 
science.  In  addition  buds  and  flowers  that 
suggest  tills  genus  are  described  under  the  form 
genus  LaurophyDum. 

There  are  2  species  of  Persea  in  the  Wilcox 
flora.  Besides  the  fossil  forms  referred  to 
Laurus  in  a  comprehensive  sense  there  are 
about  50  known  fossil  species  of  Persea,  which 
is  about  the  number  of  the  existing  species. 
AH  six  of  the  Upper  Cretaceous  forms  are 
widely  distributed  in  America.  By  Eocene 
times  they  had  reached  Europe  and  South 
America  and  they  are  cosmopoUtan  in  the 
Northern  Hemisphere  throughout  the  Tertiary, 
being  especially  abundant  in  the  Pliocene  of 
the  Mediterranean  region.  It  would  seem  as  if 
their  Cretaceous  origin  was  occidental,  that 
they  spread  over  the  Northern  Hemisphere 
during  the  Tertiary  and  became  restricted  to 
southeastern  Asia,  the  Canary  Islands,  and 
America  during  the  Pleistocene. 

The  genus  Ocotea  Aublet,  which  includes 
more  than  200  existing  species,  is,  it  seems  to 
me,  composite,  and  I  regard  the  3  genera 
Mespilodaphne,  Oreodaphne,  and  Strychno- 
daphno  of  Nces  as  distinct.  The  modern  species 
of  Mespilodaphne  are  confined  to  South  Africa 
and  tropical  America.  The  fossil  record  is 
almost  entirely  merged  in  the  forms  referred  to 
Laurus.  I  have  recognized  4  well-marked 
species  in  the  Wilcox  flora,  which  are  abundant 
types.  Some  of  them  range  from  the  base  to 
the  top  of  the  deposits  and  along  the  Wilcox 
coast  from  Mississippi  around  the  head  of  the 
embayinent  and  westward  to  Texas. 

The  genus  Oreodaphne  has  been  recognized 
in  the  American  Upper  Cretaceous  and  through- 
out tho  European  Tertiary.  At  present  its 
numerous  species  are  confined  to  the  American 
Tropics.  In  the  Wilcox  it  is  represented  by  7 
well-marked  species,  which  are  abundant  indi- 
vidually, some  of  which  range  from  Mississippi 
to  Texas  and  from  tho  base  to  the  top  of  the 
Wilcox.  The  genus  is  probably  of  American 
orio^in  and  it  has  been  a  member  of  the  flora 
of  the  American  Tropics  from  the  Upper  Cre- 
taceous to  the  present. 

The  geologic  history  of  the  genus  Nectandra, 
which  includes  70  existing  species  that  are 
confined  to  tropical  and  subtropical  America, 


is  probably  entangled  with  the  fossil  forms 
referred  to  Laiunis.  It  occiu^  in  the  American 
Upper  Cretaceous  and  the  European  and  South 
American  Tertiary.  There  are  at  least  5  char- 
acteristic Wilcox  species,  some  of  which  were 
abundant  along  the  Wilcox  coasts,  and  eome 
range  from  the  base  to  the  top  of  the  de- 
posits. Like  Oreodaphne,  this  genus  appears 
to  have  been  of  American  origin,  becoming  cos- 
mopoUtan in  the  Tertiary  and  restricted  to  its 
original  home  during  the  Pleistocene,  where  it 
is  still  a  vigorous  and  much  differentiated  type. 

The  tribes  Eusideroxyleae,  Litseese,  Apol- 
loniese,  Acrodiclidiete,  Laurese,  and  Cassythese 
do  not  appear  to  be  represented  in  the  Wilcox 
flora,  although  the  Litseese  are  represented  in 
the  Upper  Cretaceous  of  the  Mississippi  em- 
bayment  area  and  the  Laureae  are  common  in 
the  American  Upper  Cretaceous.  The  tribe 
Cryptocaryeae,  now  largely  American,  is  repre- 
sented in  the  Wilcox  by  a  single  well-marked 
species  of  Cryptocarya.  The  existing  species 
of  Cryptocarya  number  about  40,  one-fourth 
of  which  are  South  American  and  the  rest 
Oriental.  Only  2  or  3  fossil  species  are  known. 
They  come  from  the  Tertiary  of  Australia  and 
South  America  and  the  Pleistocene  of  Java, 

The  form  genus  Laurus,  which  serves  to 
render  insecure  the  discussion  of  the  geologic 
history  of  the  preceding  genera,  includes  a  very 
large  nrnnber  of  fossil  forms,  of  which  no  less 
than  25  are  Cretaceous,  the  oldest  of  which 
come  from  the  Albian  of  France  and  Portugal. 
Species  of  Laurus  are  abundant  throughout 
North  America  in  the  Cenomanian,  ranging 
northward  to  Greenland,  and  they  also  occur 
in  Europe  and  Australia.  There  are  more  than 
a  score  of  species  in  the  Eocene  and  these  have 
a  similar  wide  range.  The  30  or  more  Oligo- 
cene  species  are  confined  to  Eiu'ope.  More  than 
30  Miocene  species  are  confined  to  Eiu'ope  and 
America,  and  the  score  of  Pliocene  species  are 
Mediterranean  and  largely  Italian. 

I  will  mention  only  one  other  genus,  since  it 
definitely  shows  a  past  history  that  is  probably 
typical  of  a  large  number  of  genera  of  Laiu'aceap. 
The  genus  Sassafras,*  which  is  monotypic  and 
confined  to  North  America  in  the  existing  flora,^ 
belongs  to  a  large  tribe — the  Litseese,  which 
to-day  is   chiefly  oriental,  ranging  from  Asia 

» Berry,  E.  W.,  Bot.  Gawtte,  vol.  34,  pp.  426-450, figs.  1-i,  pi.  18, 1902. 
>  A  second  existing  species  has  recently  been  discovered  in  south- 
western China. 
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through  Malaysia  to  Australia.  Sassafras  has 
well-marked  foliar  characters  of  both  form  and 
venation  that  render  it  readily  recognizable  in 
the  fossil  state.  More  than  two  score  fossil 
forms  have  been  described,  the  oldest  of  which 
are  3  well-marked  species  in  the  Patapsco 
formation  (Albian)  of  the  middle  Atlantic 
slope  in  Maryland  and  Virginia.  A  species  is 
recorded  from  this  horizon  in  Portugal,  but  the 
identification  is  very  doubtful,  as  is  aJso  that 
of  a  Cenomanian  species  described  from 
Bohemia,  which  latter  probably  represents  the 
genus  Stercidia.  In  America,  on  the  other  hand, 
the  genus  is  widespread  and  well  differentiated 
at  the  base  of  the  Upper  Cretaceous,  ranging 
from  Greenland  along  the  coast  and  in  the  in- 
terior to  South  America.  It  comprises  about 
a  dozen  known  species.  By  Eocene  time 
Sassafras  had  reached  Em-ope,  where  it  has 
been  found  throughout  the  Oligocene  and 
Miocene,  probably  by  way  of  the  Arctic  regions. 
A  very  doubtful  form  is  recorded  from  the 
later  Tertiary  of  Australia.  In  the  Phocene 
the  European  forms  had  retreated  southward 
but  remained  common  in  Italy,  France,  and 
Spain.  The  glaciation  of  the  Pleistocene 
caused  their  extinction  on  that  continent,  the 
single  existing  species  siu^iving  to-day  in  the 
origmal  home  of  the  genus. 

The  order  Myrtales,  as  developed  in  the 
Wilcox  flora,  contains  11  species  of  Myrtaceae,  9 
species  of  Combretaceae,  1  species  of  Trapacese, 
and  1  species  of  Melastomataceae,  as  against 
7,000  species  in  the  existing  flora. 

The  family  MyrtacesB  includes  over  3,100 
existing  species,  which  are  separated  by  taxo- 
nomists  into  2  subfamihes.  The  first  of  these, 
the  Myrtoide89,  comprise  32  genera  and  about 
2,400  species,  mostly  tropical  forms,  more  than 
75  per  cent  of  which  are  confined  to  the  West- 
em  Hemisphere.  There  are  over  200  species 
in  Asia,  one  of  which  extends  into  southern 
Europe,  about  75  in  Africa,  about  200  in 
Australia,  and  about  60  in  Oceanica.  Nine- 
teen  genera  are  confined  to  America,  including 
the  only  3  monotypic  genera  in  the  subfamily, 
as  well  as  large  and  greatly  differentiated 
genera  hke  Myrcia,  with  upward  of  450  spe- 
cies. The  two  other  large  genera,  Myrtus, 
which  includes  178  species,  and  Eugenia, 
wliich  includes  about  1,300  species,  are  the 
only  two  genera  foimd  on  all  the  continents. 
America  contains  135  species  of  Myrtus  and 


850  species  of  Eugenia,  or  more  than  75  per 
cent  in  the  genus  Myrtus  and  more  than  65 
per  cent  in  the  genus  Eugenia.  The  second 
subfamily,  the  Leptospermoidess,  comprises 
the  Leptosperm©,  which  contain  28  genera 
and  about  700  species,  and  the  Chamaslauciese, 
which  contain  12  genera  and  about  165  species. 
Both  these  tribes  are  even  more  strikingly 
Australian  than  the  MjrrtoidesB  are  American. 
The  Chamselaucieas  are  entirely  Australian  and 
mainly  confined  to  western  Australia.  The 
LeptospermsB  include  a  single  monotypic  genus 
in  Chile,  and  the  distribution  of  the  other 
members  of  this  tribe  suggest  that  it  should  be 
placed  in  some  other  alliance,  since  with  the 
exception  of  Metrosideros,  which  is  represented 
in  Africa,  and  the  genus  Bseckea,  which  reaches 
the  Asiatic  mainland,  all  the  genera  are  con- 
fined to  Australia  or  the  surrounding  islands 
southeast  of  Asia. 

In  a  recent  paper  Andrews  ^  has  presented 
some  interesting  statistics  of  distribution  and 
an  ingenious  theory  of  the  history  of  the 
family.  He  considers  that  the  original  stock 
was  arborescent  or  shrubby  and  bore  entire, 
simple,  opposite,  penni-veined  leaves,  with 
dots  and  intramarginal  aerodrome  veins;  the 
calyx  lobes  and  petals  were  imbricate,  proba- 
bly in  fives;  flowers  regular,  solitary  or  in 
cymes;  stamens  indefinite,  numerous,  free, 
with  versatile,  2-celled  anthers;  ovary  inferior 
and  contained  two  or  more  cells;  style  simple; 
fruit  inferior,  crowned  with  persistent  limb  of 
calyx,  indehiscent,  succulent,  or  fleshy  (rarely 
dry) ;  no  albumen;  cotyledons  thick  and  fleshy 
with  a  short  radicle. 

From  the  character  of  Cretaceous  climates 
this  or  some  other  theoretic  prototype  flour- 
ished in  a  mesophytic  environment.  Among 
modem  groups  the  nearest  approach  to  this 
theoretical  stock  is  furnished  by  the  Myrtoi- 
deae,  which  are  fleshy  fruited,  most  numerous 
in  species,  and  widely  spread  in  the  equatorial 
regions,  over  75  per  cent  of  them,  however, 
being  confined  to  America.  The  existing 
MyrtaceaB,  whose  capsular  fruits  represent  the 
extreme  of  speciahzation  in  the  family,  are 
Australian,  and  the  Chamaelaucieae,  which 
stand  in  an  intermediate  position  between  the 
two  preceding  groups,  are  almost  wholly  con- 
fined to  western  Australia. 

1  Andrews,  E.  C,  The  development  of  the  natural  order  Myrtaceaa: 
Linn.  Soc.  New  South  Wales  Proc.,  vol.  38,  pt.  3,  pp.  52»-56S,  1913. 


OOMPOSITIOir  OF   THE  FLORA. 


119 


These  are  the  facts  of  modern  distribution. 
Their  interpretation  may  vary.  Andrews,^ 
from  a  study  of  the  present  distribution,  geo- 
logic climates,  and  the  geologic  history  of  the 
AustraUan  region,  concludes  that  the  Lepto- 
spennoidese  originated  from  the  MyrtesB,  and 
that  the  Cretaceous  forms  were  widespread,  as 
they  undoubtedly  were.  Before  the  separa- 
tion of  AustraUa  from  the  Asiatic  mainland  he 
beUeves  that  the  fleshy  fruited  forms  found 
themselves  in  a  region  of  warm,  moist  climate, 
but  relatively  poor  soil,  and  that  this  edaphic 
factor  was  the  principal  stimulus  to  the  differ- 
entiation of  the  Leptospermoideae,  which,  with 
the  exception  of  the  genus  Metrosideros,  show 
adaptations  to  poor  soil  and  temperate  or  dry 
climates,  and  this  exception  explains  the  rela- 
tively wide  distribution  of  Metrosideros  from 
Asia  to  the  Fiji  Islands.  The  Eucalyptus 
forms,  according  to  the  view  of  this  student, 
were  deiived  from  Metrosideros  after  the  sepa- 
ration of  New  Caledonia  from  Australia  and 
the  separation  of  that  continent  from  Asia. 
To  support  this  last  point,  Andrews  is  obUged 
to  consider  all  the  Cretaceous  identifications  of 
Eucalyptus  and  all  the  Tertiary  identifications 
outside  of  Australia  as  equally  misleading. 
With  regard  to  the  presence  of  Eucalyptus  in 
North  America,  I  think  this  contention  to  be 
not  imlikely,  for,  although  in  accordance  with 
paleobotanic  usage,  I  have  identified  numerous 
forms  of  Eucalyptus  in  the  North  American 
Upper  Cretaceous,  I  have  long  thought  that 
these  leaves  represented  ancestral  forms  of 
Eugenia  or  Myrcia,  but  have  hesitated  sug- 
gesting any  change  in  nomenclature  from  the 
havoc  it  would  play  with  stratigraphic  paleo- 
botany. 

The  supposed  American  Cretaceous  fruits  of 
Eucalyptus  have  long  since  been  shown  to  be 
referable  -to  Dammara-Uke  forms,  and  in  my 
studies  of  the  Tertiary  flora  I  have  scrupu- 
lously refrained  from  referring  any  of  the  nu- 
merous myrtaceous  leaves  to  the  genus  Euca- 
lyptus. Regarding  the  possible  occurrence  of 
Eucalyptus  in  Eiirope,  I  am  not  so  sure  that  the 
identifications  of  Heer,  Unger,  and  Ettingshau- 
sen  are  erroneous.  Certain  remains  considered 
Eucalyptus  fruits  seem  very  convincing  from 
the  published  figures,  and  there  is  not  the  sUght- 
est  doubt  that  the  other  great  modern  Austral- 

lADdrews,  E.  C,  op.  cit. 


ian  aUiance — the  Proteace» — was  represented 
in  both  Europe  and  America  during  the  Cre- 
taceous and  Tertiary.  There  is  one  additional 
argument  against  the  Cretaceous  radiation  and 
the  paleobotanic  determination  of  Eucalyptite 
and  that  is  the  great  persistence  of  the  pecidiar 
juvenile  opposite,  cordate,  sessile,  and  hori- 
zontal leaves,  which  must  represent  an  ancestral 
character  of  long  standing  before  the  evolution 
of  the  falcate  leaves  of  the  genus  with  twisted 
leaf  stalks  and  other  xerophytic  featiires.' 

I  have  dwelt  at  some  length  on  this  ques- 
tion because  of  its  phylogenetic  importance 
and  the  possible  bearing  of  the  Wilcox  flora  on 
this  point.  In  considering  the  morphology  of 
the  existing  species,  Eugenia  has  many  claims 
to  be  considered  the  most  primitive,  although 
Myrcia  is  almost  equally  old  and  is  certainly 
closely  related  to  Eugenia.  Among  the  nu- 
merous Cretaceous  plant  fossils  from  North 
America  now  referred  to  Eucalyptus,  all  with- 
out an  exception,  exhibit  characteristic  fea- 
tures of  Eugenia  or  Myrcia,  especially  Myrcia, 
a  fact  greatly  impressed  on  me  in  handling 
a  large  amoimt  of  recent  material  diiring  my 
study  of  the  Wilcox  forms. 

In  the  Wilcox  flora  there  are  6  well-marked 
species  of  Myrcia  and  4  nearly  equally  well 
marked  species  of  Eugenia,  as  well  as  a  single 
species  of  Calyptranthes,  which  appears  also 
to  be  represented  in  recent  collections  from  the 
Oligocene  of  the  Isthmus  of  Panama.  The 
presence  in  the  Wilcox  flora  of  numerous  Com- 
bretacese  and  a  representative  of  the  great 
tropical  family  Melastomatacese,  largely  Ameri- 
can in  the  existing  flora,  both  of  which  are 
families  closely  related  morphologically  to  the 
Myrtacees,  together  with  other  known  facts, 
though  confessedly  these  are  meager,  as  well  as 
the  law  of  probabiHties,  suggests  America  as  the 
original  home  of  the  family  and  that  it  reached 
Europe  either  by  way  of  Asia  or  the  North 
Atlantic  plateau  early  in  the  Upper  Cretaceous 
and  became  cosmopolitan  before  the  close  of 
the  Cretaceous.  During  the  late  Tertiary  this 
ancestral  stock,  which  largely  coincided  with 
the  existing  subfamily  Myrtoideae,  was  forced 
to  withdraw  from  temperate  North  America  to 
the  American  Tropics,  where  it  had  originated 

3  Deane,  H.,  Observations  on  the  Tertiary  flora  of  Australia:  Linn.  Soc. 
New  South  Wales  Proc.,  vol.  15,  pp.  463-475,  1900.  Cambage,  R.  H,, 
Development  and  distribution  of  the  genus  Eucalyptus:  Presidential 
address:  Roy.  Soc.  New  South  Wales  Jour.  Proc.,  1913. 
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and  to  which  it  has  since  been  so  largely  con- 
fined. The  typos  pecidiar  to  the  Australian 
region  represent  the  relics  of  the  Cretaceous 
radiation  and  include  numerous  new  types 
evolved  on  that  continent,  as  Andrews  has  sug- 
gested. This  is  exactly  the  reverse  of  the 
hypothesis  proposed  by  Deane/  but  one  that 
accords  far  better  with  the  facts  not  only  of 
geologic  history  but  with  those  of  existing  dis- 
tribution. 

As  is  pointed  out  in  the  systematic  part  of 
this  work  all  the  Wilcox  forms  are  coastal  types 
closely  related  to  existing  American  species  of 
similar  habitat. 

About  150  fossil  forms  have  been  referred  to 
the  Myrtaceae,  one-third  at  least  having  been 
described  as  species  of  Eucalyptus.  At  least 
half  of  these  forms  occur  in  the  Cretaceous  of 
all  parts  of  the  world  but  particularly  through- 
out the  Northern  Hemisphere.  They  are  es- 
pecially well  represented  in  North  America, 
and  the  possibility  that  they  are  ancestral 
forms  of  Myrcia  or  Eugenia  has  already  been 
pointed  out.  A  similar  widespread  distribu- 
tion but  less  specific  variation  characterizes  the 
Eocene  forms  that  have  been  referred  to  Eu- 
calyptus. The  Oligocene  records  are  all  Euro- 
pean and  the  Miocene  records  include  both 
Europe  and  Asia. 

The  genus  Myrtus  is  represented  by  about  24 
fossil  species,  all  European,  most  of  them  al- 
most equally  divided  between  the  Oligocene 
and  the  Miocene.  The  oldest  forms  are  early 
Eocene,  but  the  form  genus  Myrtophyllum 
Ileer  includes  several  Upper  Cretaceous  species 
in  Europe,  America,  and  Australia,  as  well  as 
Tertiary  species  in  Europe,  Asia,  and  South 
America. 

The  genus  Myrcia  De  Candolle,  so  well  rep- 
resented in  the  Wilcox  flora,  contains  species 
in  the  European  Oligocene,  4  species  in  the 
early  Tertiary  of  Chile,  1  in  the  Tertiary  of 
Ecuador,  and  1  in  the  Pliocene  of  Brazil. 

The  oldest  known  species  of  Eugenia,  a  genus 
also  prominent  in  the  Wilcox  flora,  occurs  in 
the  Dakota  sandstone.  The  genus  is  repre- 
sented in  Europe  throughout  the  Tertiary 
from  the  lower  Eocene  to  the  Pliocene  and  is 
recorded  from  the  Tertiary  of  Ecuador. 

The  genus  Callistemon  R.  Brown  has  been 
identified  in  both  the  Upper  Cretaceous  and 

1  Deane,  H.,  op.  cit. 


Tertiary  of  Europe,  and  no  less  than  25  spe- 
cies have  been  referred  to  the  genus  Callistemo- 
phyllum  Ettingshausen.  These  species  include 
Upper  Cretaceous  forms  in  America  and  Eu- 
rope, Eocene  forms  in  Greenland,  Oligocene 
forms  in  Australia,  and  numerous  Oligocene  and 
Miocene  species  in  Europe. 
.  The  genus  Myrciaria  Berg,  often  included  in 
Eugenia,  contains  about  60  existing  species 
ranging  from  the  West  Indies  to  Brazil  and 
Peru.  It  is  recorded  by  Engelhardt  from  the 
Tertiary  of  Ecuador. 

Leptospermum,  Leptospermitcs,  and  Lep- 
tospermocarpum  have  been  identified  from  the 
Upper  Cretaceous  and  Tertiary  of  Europe; 
Tristania-hke  fruits  have  been  described  as 
Tristanites  by  Saporta  from  the  lower  Miocene 
of  France,  and  by  Kitson  from  the  Miocene  of 
Austraha;  the  genus  Psidium  Linn6,  which  in- 
cludes about  100  modern  species  in  the  West 
Indies  and  Mexico,  is  represented  in  Chile  by 
an  early  Tertiary  species;  and  finally  the  genus 
Metrosideros  has  been  identified  in  the  Atane 
beds  of  Greenland  and  in  both  the  Oligocene 
and  Miocene  of  Europe. 

The  family  Combretaceae  (Terminaliaceee) 
embraces  about  16  genera  and  285  existing 
species  of  shrubs  or  trees  and  tropical  vines 
that  bear  simple,  entire,  coriaceous,  persistent, 
exstipulate,  alternate  or  opposite  leaves.  The 
inflorescence  is  racemose  or  capitate,  and  the 
flowers  are  regular,  perfect  or  polygamous, 
many  of  them  apetalous.  The  stamens  are 
two  or  three  times  as  numerous  as  the  petals 
and  the  one-celled  ovary  develops  into  a  drupa- 
ceous or  berry-like  indehiscent  fruit,  in  many 
species  crowned  with  the  accrescent  calyx,  and 
containing  a  solitary  seed  without  endosperm. 

The  existing  species  are  all  tropical  or  sub- 
tropical, ranging  from  34°  north  latitude  to 
35°  south  latitude,  and  a  relatively  large  num- 
ber are  littoral  or  strand  types.  The  conti- 
nental areas  contain  the  following  numbers  of 
peculiar  species:  America  75,  Africa  85,  Mada- 
gascar 36,  Asia  57,  Australia  23.  About  ten  or 
a  dozen  species  are  found  in  more  than  one 
area.  There  is  a  remarkable  identity  between 
the  American  tropics  and  those  of  West  Africa, 
the  genera  Cacoucia,  Conocarpus,  and  Lagun- 
cularia  having  identical  species  in  both  regions. 

The  geologic  history  of  the  family  is  most  in- 
complete, but  it  is  exceedingly  prominent  in 
the  Wilcox  flora,  where  it  is  represented  not 
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only  by  characteristic  leaves  but  by  flowers 
and  fruits.     No  species  are  certainly  known 
from  horizons  as  old  as  the  Upper  Cretaceous, 
although  a  species  of  Terminaliphyllum  has 
been  described  from  the  Perucer  beds  (Ceno- 
manian)  of  Bohemia,  a  species  of  Combreti- 
phyllum  from  the  Upper  Cretaceous  of  the 
Kamerun  (West  Africa),  and  a  species  of  Cono- 
carpites  from  the  Tuscaloosa  formation  of  Ala- 
bama.    So  far  as  I  know  there  are  no  authen- 
tic occurrences  as  old  as  those  of  the  Wilcox. 
Ju  this  flora  there  are  3  well-marked  species  of 
Combretum,  a  genus  that  contains  about  130 
existing  species  found  in   all  tropics   except 
Australia   and   Polynesia.     More   than   30   of 
these  species  are  endemic  in  South  America,  and 
their  abundance  in  the  Wilcox,  as  well  as  the 
occurrence  of  a  species  in  the  early  Tertiary  of 
Chile,  strongly  suggests  that  the  genus  is  of 
American  origin.     This  statement,  as  well  as 
the   determination   of   the  Wilcox  species   of 
leaves,  receives  confirmation  in  the  remarkably 
preserved  flower  from  these  beds  described  as 
Combretanthites.     Combretum   has    been    re- 
corded from  the  Miocene  of  Switzerland  and 
Germany  and  from  the  Pliocene  of  Italy.     It 
occurs  in  the  Claiborne  group  of  the  Mississippi 
embayment,  and  Felix  has  described  petrified 
wood  from  the  supposed  Eocene  of  the  Caucasus 
which  he  calls  Combretacinium. 

The  genus  Conocarpus  Gartner,  a  member  of 
the  tropical  mangrove  association,  is  repre- 
sented by  a  well-marked  species  in  the  Wilcox 
flora  that  is  supposed  to  be  descended  from  the 
Conocarpites  described  from  the  Tuscaloosa 
formation  in  this  same  general  region.  Another 
species  very  close  to  the  modem  form  of  the 
American  Tropics  occurs  in  the  Claiborne  group. 
Fruits  of  Conocarpus  have  also  been  described 
recently  from  the  Aquitanian  of  Rhenish 
Prussia. 

The  genus  Lagxmcularia  Gartner,  mono- 
t3rpic  in  the  mangrove  association  of  America 
and  the  west  coast  of  tropical  Africa,  is  repre- 
sented by  both  leaves  and  fruits  in  the  Wilcox 
flora.  The  only  other  genus  of  Combretaceae 
that  has  known  fossil  representatives  is  Termi- 
nalia  Linn6.  It  is  a  large  genus  in  the  existing 
flora  and  contains  more  than  100  species  almost 
equally  divided  between  America,  Asia,  Africa, 
and  Australia;  several  of  the  species  are  very 
wide-ranging  littoral  types.  There  are  3  Wil- 
cox species,  based  on  both  leaves  and  fruit. 


One  of  the  species  makes  its  appearance  in  the 
underlying  Midway  ( ?)  formation  of  the  western 
Gulf  region  and  possibly  represents  the  be- 
ginning of  its  extension  northward  along  the 
coast  in  the  embayment  region  from  tropical 
America.  It  continues  in  this  region  as  late 
as  the  upper  Eocene  after  nearly  the  entire 
Wilcox  flora  had  been  replaced  by  different 
forms. 

Five  Oligocene  species  of  Terminalia  have 
been  described  from  Europe,  the  determina- 
tions resting  on  both  leaves  and  fruits.  The 
occurrences  range  from  the  Sannoisian  to  the 
Chat ti  an  and  geographically  from  southeastern 
France  to  Greece.  There  are  7  well-distributed 
Miocene  species  in  Europe,  as  well  as  Pliocene 
species  in  both  Spain  and  Italy  along  the  shores 
of  the  Phocene  Mediterranean  Sea.  A  sup- 
posed Pliocene  species  is  also  recorded  from 
Bolivia. 

Though  future  discoveries  must  greatly  am- 
pUfy  the  fossil  record  before  the  history  of  the 
family  in  past  times  can  be  traced  with  any 
degree  of  surety,  the  remarkable  display  of 
those  forms  in  the  Mississippi  embayment 
region,  evidently  derived  from  the  American 
Tropics,  gives  much  probability  to  the  theory 
that  the  family  originated  in  the  American 
Tropics  during  the  Upper  Cretaceous. 

The  genus  Trapa  Linn6  formerly  included  in 
the  family  Onograceag,  is  now  made  the  type 
and  only  genus  of  the  family  Hydrocaryaceas 
(TrapaceaB  Dumortier,  1827).  There  are  3  ex- 
isting species,  all  aquatics  and  all  confined  to 
the  Old  World  except  for  the  naturalization  of 
Trapa  natans  Linn6  in  New  England  and  New 
York.  This  species  is  irregularly  scattered 
throughout  central  and  southern  Europe, 
though  its  area  of  distribution  is  contracting, 
as  is  shown  by  its  occurrence  in  postglacial  de- 
posits at  many  localities  beyond  its  present 
range  in  Russia,  Finland,  Sweden,  and  Den- 
mark. The  two  other  existing  species  are 
Trapa  hicomis  Linn6  of  China  and  Trapa  bi- 
spinosa  Roxburg  of  southeastern  and  southern 
Asia,  which  is  said  also  to  occur  in  Africa. 

The  genus  has  an  extended  geologic  history. 
Rosettes  supposed  to  represent  the  floating 
leaves  (Trapa?  microphyUa  Lesquereux  and 
Trapa?  cuneata  Knowlton)  are  widespread  in 
the  Rocky  Mountain  province  in  beds  of  late 
Cretaceous  and  early  Tertiary  age.  The  oldest 
recognizable  fruits  are  a  large  bicornute  form 
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from  the  Eocene  of  Canada  and  Alaska  sjxd  Trapa 
wUcoxefnsis  of  the  Wilcox  flora.  Two  supposed 
upper  Eocene  species  occur  in  the  Payette  for- 
mation of  Idaho.  An OUgocene  species  (Trapa 
credneri  Schenk)  has  been  described  from  Sax- 
ony, and  no  less  than  5  species  have  been 
described  from  the  Miocene,  1  occurring  in 
Japan  and  the  rest  in  Europe,  where  2  species 
continue  into  the  Pliocene.  A  species  from 
the  late  PHocene  of  America  is  foimd  in  south- 
ern Alabama.  The  existing  Trapa  natans  has 
been  recorded  from  the  preglacial  beds  of 
England  and  Saxony  and  from  very  many 
interglacial  and  postglacial  deposits  in  Portugal, 
Italy,  Netherlands,  Germany,  Sweden,  Russia, 
and  Denmark.  Gimnar  Andersson  in  a  paper 
pubUshed  in  1910  mentions  18  localities  in  west 
Prussia,  6  in  Denmark,  17  in  Sweden,  and  29 
in  Finland. 

The  family  Melastomataoeae  is  relatively  large, 
prevailingly  shrubby  rather  than  arborescent, 
and  includes  about  150  genera  and  more  than 
3,000  existing  species.  It  comprises  distinctly 
humid  types  and  is  almost  strictly  tropical, 
although  some  members  range  southward  to 
40°  south  latitude.  Although  it  abounds  in 
Malaysia,  it  is  a  typically  American  family,  7 
of  the  15  tribes  into  which  the  family  is  divided 
being  confined  to  tropical  America,  and  about 
2,500  of  the  existing  species  being  also  endemic 
in  this  region.  It  ranks  ninth  in  Hemsley's 
flora  of  Central  America  and  abounds  in  the 
West  Indies  and  especially  in  Brazil.  Though 
the  geologic  history  of  this  vast  assemblage  of 
forms  is  practically  unknown,  there  is  no  evi- 
dence to  disprove  the  theory  that,  like  the 
allied  families  Combretacese  and  MyrtacesB, 
the  Melastomataceae  had  its  origin  in  that  most 
prolific  region — the  American  Tropics. 

The  few  fossil  forms  that  have  been  found, 
including  leaves,  flowers,  and  calices,  have 
been  referred  to  the  form  genus  Melastomites, 
first  proposed  by  Unger.  A  doubtfully  de- 
termined species,  which  probably  belongs  to 
the  LauraceaB,has  been  recorded  from  the  Upper 
Cretaceous  of  Westphalia.  The  only  known 
Eocene  species  is  the  well-marked  form  present 
in  the  Wilcox  flora.  Four  Oligocene  species  have 
been  described  from  Bohemia,  Styria,  and  Egypt; 
4  Miocene  species  from  Switzerland,  Prussia,  and 
Croatia;  and  a  Pliocene  species  from  Italy. 

The  order  Umbellales  (UmbelUflorsBof  Engler) 
includes   only   three   families,   the  Araliacese, 


UmbelliferaB,  and  Cornaceae,  but  more  than 
3,000  existing  species,  of  which  more  than  two- 
thirds  belong  to  the  UmbeUifersB.  The  three 
f  amiUes  are  closely  related  and  stand  somewhat 
apart  from  the  rest  of  the  choripetalous  orders. 
Though  undoubtedly  there  has  been  great 
specific  variation  in  modem  times,  especially 
among  the  herbaceous  forms  of  Umbelliferse, 
some  members  of  the  alliance  go  back  as  far  as 
undoubted  dicotyledons  have  been  found,  and 
this  fact  is  one  of  the  strongest  arguments  for 
considering  its  relationships  to  the  Gamopetalse 
to  be  less  close  than  some  botanists  have  sug- 
gested, a  suggestion  based  primarily  on  a  con- 
sideration of  the  floral  structures  apart  from 
the  morphologic  features  of  the  whole  plants. 
As  regards  floral  evolution  the  Umbellales 
clearly  mark  the  highest  expression  among  the 
ChoripetalsB  and  parallel  the  Gamopetalae. 
The  flowers  are  epigynous,  the  stamens  cyclic, 
the  carpels  reduced,  and  the  sepals  commonly 
reduced.  The  Araliaceae  and  Cornaceae  are 
both  represented  in  the  Wilcox  flora  and  the 
UmbelliferaB  doubtfully  so. 

The  family  Araliaceae  contains  about  52 
genera  and  500  existing  species,  chiefly  in- 
habitants of  the  Tropics,  though  notable 
exceptions  are  found  in  North  America  and 
eastern  Asia.  The  modem  center  of  develop- 
ment is  in  Asia  and  Australia,  no  less  than  33 
genera  being  confined  to  Asia,  Malaysia,  Aus- 
tralia, or  Polynesia.  Africa  contains  3  pecuUar 
genera  and  about  30  species  and  America  5 
peculiar  genera  and  about  100  species.  The 
genus  ScheflBera  is  cosmopolitan.  Hedera  and 
Polycias  occur  in  Eurasia  and  Africa.  Two 
genera  are  common  to  Asia  and  America,  and  a 
third  (AraUa)  is  found  not  only  in  these  conti- 
nents but  in  Austraha.  Pseudotenax  which 
contains  about  6  species  is  peculiar  to  western 
South  America  and  New  Zealand. 

The  fossil  record  is  not  nearly  complete 
enough  to  afford  a  secure  basis  for  generahza- 
tions.  Several  genera  are  found,  however,  in 
the  oldest  deposits  in  which  undoubted  dico- 
tyledons are  known.  The  largest  genus  is 
Aralia,  which  is  commonly  used  by  paleobotan- 
ists  as  a  form  genus  for  generically  unidentified 
species  of  Araliaceae,  rather  than  for  forms 
falling  within  a  strict  modern  definition  of 
Aralia.  No  less  than  50  species  of  Aralia  have 
been  described  from  the  Cretaceous,  2  of  which 
come  from  horizons  as  old  as  the  Albian  of 
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Portugal.  In  beds  of  similar  age  in  eastern 
America  (Maryland  and  Virginia)  there  are  2 
well-marked  species,  which  are  referred  to 
Arahsephyllum  and  are  clearly  the  ancestors  of 
the  numerous  species  of  Aralia  so  common  in 
the  Upper  Cretaceous  of  that  region.  Very 
similar  forms,  some  of  them  identical,  are  foimd 
in  the  Cretaceous  on  both  sides  of  the  Atlantic. 
There  are  15  species  in  the  Perucer  beds 
(Cenomanian)  of  Bohemia  and  Moravia  and 
about  the  same  number  in  the  Dakota  sand- 
stone of  the  western  United  States.  Along  the 
east  coast  of  the  United  Steites  there  are  9 
species  in  the  Raritan  formation,  8  in  the 
Magothy  formation,  and  1  each  in  the  Black 
Creek  formation  of  North  Carolina,  the  Eutaw 
formation  of  Greorgia,  the  Tuscaloosa  formation 
of  Alabama,  and  the  Woodbine  sand  of  Texas. 
In  Greenland  there  are  2  species  in  the  Atane 
beds  and  a  third  in  the  Patoot  beds.  In  the 
Upper  Cretaceous  there  are  2  species  in 
Bohemia,  2  in  Westphalia,  and  1  in  Colorado. 
Australia  contains  a  species  and  10  supposed 
varieties  of  Aralia  in  the  Upper  Cretaceous 
beds.  In  addition  to  the  foregoing  display  of 
Aralia,  a  number  of  well-marked  species  of  the 
allied  genus  Araliopsoides  (Berry,  1911)  have 
been  found  in  the  Raritan,  Magothy,  and  Da- 
kota formations,  so  that  the  araUaceous  stock 
was  evidently  well  differentiated  and  cosmopoli- 
tan before  the  close  of  the  Cretaceous  period.* 

There  are  more  than  a  score  of  Eocene 
species  of  AraUa  which  are  especially  common 
in  the  Fort  Union  of  the  western  United  States 
and  the  Paleocene  of  Belgium.  The  3  Wilcox 
species  are  not  common  in  the  Wilcox,  though  2 
of  them  are  common  Fort  Union  species,  and 
the  third  was  described  originally  from  western 
Greenland.  In  addition  there  are  species  in 
the  Denver  formation,  the  Green  River  forma- 
tion, and  in  Oregon,  New  Zealand,  Italy,  and 
the  south  of  England. 

There  are  more  than  20  Oligocene  species, 
especially  in  the  Sannoisian  of  southeastern 
France,  from  which  14  species  have  been 
described.  All  the  other  Oligocene  records  are 
also  Eiu'opean. 

There  are  also  about  25  Miocene  species  dis- 
tributed over  North  America,  Europe,  Aus- 
tralia, and  Asia.  Some  of  the  CaUfomia 
species,  such  as  Aralia  whitneyiy  are  clearly  the 
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ancestors  of  existing  forms  from  the  east  coast 
of  Asia.  A  fruit  (Araheecarpum)  is  described 
from  the  Miocene  of  Prussia.  There  are  in 
addition  between  15  and  20  fossil  species  of 
Aralia  more  or  less  doubtfully  connected  with 
other  genera  of  the  family.  These  forms 
include  a  species  of  Arthrophyllum,  doubtfully 
identified  from  the  upper  Oligocene  of  France; 
a  species  of  Cephalopanax  ( ?)  from  the  lower 
Miocene  of  France;  several  forms  of  Sciado- 
phyllum  (?)  from  Greenland,  Bohemia,  and 
France;  and  species  of  Paratropia  ( ?)  from  the 
Paleocene,  Oligocene,  and  Miocene  of  France 
and  the  Miocene  of  Bohemia. 

There  are  2  species  of  Oreopanax  in  the  WU- 
cox  flora,  one  of  them  exceedingly  well  marked 
and  clearly  referable  to  the  section  DigitatsB  of 
Oreopanax.  This  genus  contains  about  80 
existing  species  divided  into  simple,  lobate.  and 
digitate  leafed  sections,  confined  to  tropical 
America,  though  its  fossU  forms  occur  in  the 
Paleocene,  Tongrian,  and  Aquitanian  of  France, 
The  modem  Asiatic  genus  Acanthopanax 
Decaisne  and  Planchon  is  represented  by 
Oligocene  species  in  France  and  Germany  and 
by  a  Miocene  species  in  Japan. 

The  genus  Panax  Linn6,  which  contains  about 

6  existing  species  in  Asia  and  North  America, 
is  represented  by  several  fossil  forms,  based  on 
numerous  characteristic  fruits  as  well  as  leaves. 
It  occurs  from  Greenland  to  Alabama  along  the 
west  coast  of  the  Atlantic  and  in  the  Perucer 
beds  of  Bohemia  (Araliphyllum).  It  includes 
5  Oligocene  species  in  Europe  and  6  Miocene 
species  in  Europe  and  Colorado.  The  genus 
Cussonia  Thunberg,  which  contains  about  25 
African  species  in  the  existing  flora,  is  doubt- 
fully recorded  from  the  Albian  of  Portugal. 
It  is  present  in  the  Perucer  beds  of  Bohemia 
(Cussoniphyllum)  and  in  the  Oligocene  of 
France  and  Greece. 

The  genus  Hedera  Linn6,  which  includes  only 
3  existing  species  of  Europe,  Asia,  and  Africa,  is 
represented  by  numerous  and  well-defined  fossil 
forms.  The  forms  from  the  Potomac  group  of 
Maryland  and  Virginia  described  by  Fontaine 
as  species  of  Hederaephyllum  are  entirely 
worthless.  No  less  than  15  species  of  Hedera 
have  been  described  from  the  Upper  Cretaceous 
of  both  America  and  Europe.    There  are  about 

7  Eocene  species  in  Greenland,  Alaska,  the 
Fort  Union  of  the  western  United  States,  and 
the  Paleocene  of  Belgimn  and  France.     The 
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genus  remains  common  during  the  Tertiary  in 
Europe  and  is  found  in  America  as  late  as  the 
upper  Miocene  lake  of  Florissant,  Colo.  The 
ancestor  of  the  existing  Hedera  helix  Ldnn6 
occurs  in  the  Pliocene  of  central  France,  and  the 
modern  form  itself  is  found  in  the  Pleistocene  of 
England,  France,  and  Italy.  A  species  of 
Polyscias  occurs  in  the  Pleistocene  of  Java 
associated  with  Pithecanthropus  erectus. 

The  family  Umbelliferae,  which  includes  170 
genera  and  more  than  2,000  existing  species,  is 
distinctly  an  extratropical  family  with  numer- 
ous boreal  forms,  chiefly  herbaceous  and  of 
relatively  modern  origin.  It  is  very  sparingly 
and  doubtfully  represented  in  the  fossil  state. 
The  only  Wilcox  form  that  suggests  such  an 
affinity  is  the  fruit  described  as  Carpolithus 
prangosoides,  which  greatly  resembles  the 
existing  genus  Prangos  Lindley. 

The  third  family  of  the  Umbellales,  the  Coma- 
cea?,  is  relatively  small.  It  comprises  only  16 
genera  and  about  100  existing  species,  mostly 
of  the  Temperate  Zone.  The  majority  of  the 
fossil  forms  are  confined  to  the  two  genera 
Comus  and  Nyssa,  although  the  oriental  genus 
Camptotheca  is  represented  by  fruits  in  the 
Dutch  Pliocene.  Cornus  includes  about  40  ex- 
isting species  of  herbs  and  small  trees,  mostly 
confined  to  the  North  Temperate  Zone  in  Eurasia 
and  North  America  but  represented  in  Mexico 
and  also  by  a  single  species  in  Peru.  More  than 
50  fossil  species  have  been  described.  There 
are  at  least  12  forms  in  the  Upper  Cretaceous, 
all  confined  to  North  America,  ranging  from 
Greenland  to  Alabama.  There  are  about  a 
dozen  Eocene  species  in  America,  Eur9pe,  and 
the  Arctic  region,  one  of  which  is  sparingly 
represented  in  the  Wilcox  flora.  Oligocene 
records  are  few,  but  more  than  25  Miocene 
species  have  been  described.  The  genus  was 
particularly  abundant  at  this  time  throughout 
central  Europe  and  was  also  represented  in  both 
North  America  and  Asia.  About  5  Pliocene 
species  are  recorded  from  Spain,  France,  Italy, 
and  Japan,  and  the  genus  has  afforded  Pleisto- 
cene material  in  New  Jersey,  Holland,  England, 
and  other  countries. 

The  genus  Nyssa  Linn6  (including  also  Xys- 
sidium  Heer  and  Nyssites  Geyler  and  Kink- 
eUn)  comprises  about  7  existing  species  that 
range  from  shrubs  to  large  trees  and  are  natives 
of  southeastern  North  America  and  eastern  and 
central  Asia.     It  is  represented  by  more  than  50 


fossil  forms,  most  of  them  based  on  the  charac- 
teristic costate  stones.  The  oldest  known 
forms  come  from  beds  near  the  base  of  the 
Upper  Cretaceous  (Dakota  and  Tuscaloosa)  of 
North  America.  By  Eocene  time  Nyssa  had 
reached  Alaska,  Greenland,  and  Europe. 
There  are  2  characteristic  species  in  the  Wilcox, 
both  based  on  stones,  and  a  third  occurs  in  the 
overlying  deposits  of  the  Claiborne  group.  In 
the  lignite  deposit  of  Brandon,  Vt.,  which  is  of 
uncertain  but  probably  early  Tertiary  age,  no 
less  than  18  so-called  species  of  stones  have 
been  described.  Though  doubtless  the  specific 
differentiation  is  overrefimed,  the  abundance  of 
Nyssa  in  New  England  at  that  time  is  indicated. 
Nyssa  is  abundant  in  the  European  Oligocene, 
and  survives  on  that  continent  in  the  Pliocene. 
There  are  Miocene  species  in  New  Jersey, 
Virginia,  Europe,  and  Asia.  A  Pliocene  species 
occurs  in  Alabama.  Some  of  the  modem 
species  are  common  in  the  Pleistocene  of  this 
country  from  New  Jersey  southward. 

Though  much  remains  to  be  learned  regard- 
ing the  history  of  the  Cornacese,  it  seems  clear 
that  the  two  genera,  Comus  and  Nyssa,  that 
have  yielded  fossil  forms  are  types  that  origi- 
nated in  North  America  during  the  Cretaceous. 

No  family  of  the  Choripetalas  has  succeeded 
in  maintaining  a  world-wide  distribution,  as 
have  several  families  of  Monocotyledonae  and 
Gamopetala?.  No  distinctly  boreal  group  has 
been  developed,  as  among  the  Gamopetate 
(Ericales).  Certain  great  families  characterize 
the  North  Temperate  region,  and  these  are  all 
herbaceous  forms,  believed  to  be  of  relatively 
recent  origin,  such  as  Polygonacete,  Caryophyl- 
laceae,  Cruciferae,  Saxifragacese,  Onagraceae,  and 
UmbeUiferse.  Tliough  acjuatic  forms  are  com- 
mon, this  habit  does  not  characterize  whole 
families,  as  among  the  ilonocotyledonae.  The 
Choripetala^  predominate  in  the  American 
Tropics,  and  many  of  the  families  in  the  Wilcox 
flora  probably  originated  in  that  region. 

The  second  grand  division  of  the  Dicot^^le- 
donffi,  the Garaopetalae  (Sympetalaj), constitutes 
a  rather  well  defined  group,  presumably  de- 
rived from  the  Choripetalse,  which  is  character- 
ized by  a  complete  cyclic  arrangement  of  the 
floral  parts,  a  coroUa  that  is  generally  gamo- 
petalous,  and  ovules  that  have  a  small  nuceUus 
and  as  a  rule  a  single  integument.  The  Ganio- 
petalai  contain  nine  or  ten  orders  and  more  than 
50,000  existing  species.     Most  of  the    orders 
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appear  to  be  more  compact  and  natural  groups 
than  the  corresponding  alliances  among  the 
ChoripetalaB.  The  Ericales,  Primulales,  and 
Ebenales  are  pentacyclic  and  isocarpous,  but 
the  Gentianales,  Polemoniales,  Personales,  Plan- 
taginales,  Rubiales,  Valerianales,  and  Cam- 
panulales  are  tetracyclic  and  anisocarpic,  the 
last  three  orders  being  epigynous. 

The  herbaceous  forms  of  the  alliance  pre- 
dominate and  several  of  the  families  are  dis- 
tinctly boreal.  Though  the  Compositse,  Labia tse, 
and  Plantaginacese  are  of  world-wide  distribu- 
tion, there  are  no  notable  continental  pairings, 
such  as  usually  accompany  an  extended  geologic 
history.  These  and  many  other  facts  suggest 
that  the  Gamopetalse  as  a  whole,  especially  the 
more  evolved,  herbaceous,  extratropical  fami- 
lies, are  of  relatively  modem  origin  and  that 
their  major  specific  differentiation  was  concomi- 
tant with  their  occupation  of  the  Temperate 
zones  after  the  retreat  of  the  Pleistocene  ice 
sheets. 

The  so-called  Compositae  are,  from  the  view- 
point of  floral  structures,  clearly  the  culmination 
of  the  evolution  of  floral  structures,  as  is  shown 
not  only  by  their  gamopetaly,  epigyny,  conni- 
vent  anthers,  and  the  formation  of  seedlike 
fruits  with  a  pappus  but  by  the  complex  flower- 
head,  the  prevalence  of  diclinisra,  the  dimor- 
phism of  the  corollas,  and  other  special  features. 
This  evidence  is  corroborated  by  the  general 
modemness  of  the  alliance. 

Six  gamopetalous  orders  are  represented  in 
the  Wilcox  flora.  The  first  of  these,  the  Pri- 
mulales, in  its  fullest  development  in  existing 
floras  includes  the  three  families  Myrsinacea?, 
PrimulacesB,  and  Plumbaginaceae.  They  are 
structurally  much  alike  and  have  a  single  cycle 
of  stamens  opposite  the  petals  and  a  unilocular 
ovary  with  a  free  central  placenta.  This  com- 
munity of  floral  organization  can  only  be  at- 
tributed to  convergence  and  not  to  filiation, 
since  the  Myrsinacese  are  old  forms  which  in 
modem  floras  are  predominantly  tropical  and 
American,  whereas  the  Primulaceae  are  chiefly 
North  Temperate  and  boreal  herbs  of  relatively 
recent  evolution,  and  the  Plumbaginaceae  are 
very  modem  halophy tic  herbs  and  undershrubs 
of  salt  beaches  and  steppes,  mostly  of  the  Med- 
iterranean and  Caspian  regions. 

The  MyrsinaceaB,  the  only  family  represented 
in  the  Wilcox  flora,  is  characterized  by  alter- 
nate, simple,  coriaceous,  punctate,  exstipulate 


leaves;  perfect,  regular  flowers;  and  single- 
seeded  drupaceous  fruits. 

The  family  contains  about  30  genera  and  530 
existing  species  of  shrubs  or  trees,  largely  trop- 
ical and  predominantly  American.  Thus,  11 
genera  and  more  than  200  species  are. peculiar 
to  America,  only  4  genera  and  less  than  a  dozen 
species  are  peculiar  to  Asia,  and  3  genera  and 
about  100  species  are  peculiar  to  Africa. 

The  genus  Myrsine  Linn6  is  found  in  all  the 
continents  except  Europe  and  in  Polynesia. 
Its  distribution  is  extratropical  in  the  African 
region.  Euardisia  Pax  is  found  in  all  the  Trop- 
ics. Maesa  Forskal  lives  in  all  oriental  tropical 
countries  as  does  also  the  monotypic  genus 
iEgiceras  Gartner,  a  member  of  the  coastal  man- 
grove association.  The  genus  Cybianthus  Mar- 
tins, largely  South  American,  is  represented  by 
species  in  the  Philippines  and  in  New  Grenada. 
There  is  little  that  is  significant  in  the  recent 
distribution  of  the  family,  and  the  fossil  record 
is  very  incomplete. 

More  than  75  fossil  forms  have  been  referred 
to  Myrsine,  the  oldest  of  which  are  the  7  or  8 
forms  recorded  from  the  Upper  Cretaceous. 
All  the  older  of  these  forms  (Cenomanian)  come 
from  North  America,  and  only  one,  from  the 
Turonian  of  Bohemia,  occurs  in  the  European 
Upper  Cretaceous.  The  American  forms  are 
not  varied  specifically,  but  have  a  wide  range 
and  are  common,  extending  from  the  Atane 
beds  of  Greenland  along  the  Atlantic  coast  to 
the  Tuscaloosa  formation  of  western  Alabama. 
They  are  also  found  in  the  Dakota  sandstone  of 
the  western  interior  region. 

The  Eocene  records  of  Myrsine  number  7  or  8 
species  and  include  an  early  Eocene  form  of 
Alum  Bay,  3  in  the  upper  Eocene  of  France, 
and  2  in  western  Alaska.  Myrsine  is  exceed- 
ingly varied  and  abundant  during  the  Oligo- 
cene  throughout  southern  Europe,  more  than 
30  species  having  been  described,  of  which  11 
occur  in  the  basal  Oligocene  of  southeastern 
France  (Sannoisian).  There  are  more  than  30 
Miocene  species  throughout  Europe,  one  from 
Colorado  being  the  only  known  American 
occurrence.  One  species  is  also  recorded  from 
Australia.  Several  species  linger  in  the  Plio- 
cene of  southern  Europe  in  France  and  Italy, 
and  one  species  is  found  in  the  Pliocene  of 
Brazil.  In  addition  to  the  forms  referred  to 
Myrsine  several  forms  from  the  European 
Tertiary  have  been  referred  to  the  form  genus 
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Myrsinites.  Ettingshausen  recorded  a  species 
of  Pleiomerites  from  the  Miocene  of  Bohemia, 
and  the  genus  Maesa  Fdrskal,  which  contains 
about  40  modem  species  in  Asia,  Africa, 
Australia,  and  Polynesia,  is  represented  in  the 
Oligocene  of  Transylvania  and  Egypt,  in  the 
Miocene  of  Styria,  and  in  the  Pliocene  of 
Limburg. 

The  genus  Ardisia  Swartz  (including  Ardisio- 
phyllum  Geyler)  includes  about  a  dozen  fossil 
species,  the  oldest  of  which,  a  very  doubtfully 
determined  form,  comes  from  the  Turonian 
of  Bohemia.  There  is  an  Eocene  or  Oligocene 
species  in  Chile.  Three  Oligocene  species  are 
found  in  Bohemia  and  one  occurs  in  Transyl- 
vania. There  are  4  Miocene  species  in  France, 
Bohemia,  and  Styria,  and  PHocene  species  in 
Holland,  Italy,  and  Borneo. 

The  genus  Icacorea  Aublet  is  the  only  mem- 
ber of  the  MyrsinacesB  found  in  the  Wilcox 
flora.  The  genus  contains  nimierous  existing 
species  confined  to  South  America.  The  fossil 
record  is  meager  but  includes  2  or  3  species 
of  the  European  Oligocene.  The  Wilcox  species 
is  thus  considerably  older  than  any  European 
occiuTence.  It  represents  a  form  which  is 
very  close  to  the  modem  Icacorea  paniculata 
Sudworth,  a  shrub  or  slender  tree  of  the 
Florida  Keys,  the  Bahamas,  Cuba,  and  the 
east  coast  of  southern  Mexico.  In  addition 
to  the  foregoing  records  at  least  4  kinds  of 
flowers  have  been  described  from  the  Baltic 
amber  (Sannoisian).  These  are  Berendtia 
Goppert  (2  species),  Myrsinopsis  Conwentz, 
and  Sendelia  Goppert. 

Though  the  geologic  history  of  the  family  is 
so  incomplete  it  is  not  without  significance  that, 
like  so  many  families  previously  discussed,  the 
oldest  fossil  representatives  of  this  predomi- 
nantly American  family  in  the  existing  flora 
occur  in  the  basal  Upper  Cretaceous  of  North 
America. 

The  order  Ebenales  includes  the  families 
Sapotacese,  Ebenaceae,  Stjrracacese,  and  Symplo- 
caceee,  which  contain  more  than  1,000  existing 
species.  The  larger  famihes  are  the  Sapotacese 
and  Ebenacese,  both  of  which  are  represented 
in  the  Wilcox  flora;  the  other  two  famihes  are 
sparingly  represented  in  the  Em-opean  Ter- 
tiary. The  considerable  range  in  floral  struc- 
tures, from  indefiniteness  in  the  number  of 
stamens  and  carpels  and  polypotaly  to  a  4  to  8 
cychc    arrangement,    leads    floral    morpholo- 


gists  to  consider  the  order  as  among  the  most 
primitive  of  the  Gamopetalse. 

The  family  Sapotacese  comprises  trees  or 
shrubs  that  have  a  milky  juice  and  that  bear 
alternate,  simple,  entire,  mostly  coriaceous, 
petiolate,  exstipulate  leaves.  It  contains  about 
32  genera  and  nearly  400  existing  species  in  all 
tropical  countries.  About  half  of  the  existing 
species  are  American.  Eleven  genera  are 
confined  to  America,  7  to  Africa,  3  to  Aus- 
traUa,  2  to  New  Caledonia,  2  to  Asia  and 
Malaysia,  2  to  Malaysia,  and  1  to  Asia.  The 
three  large  genera  Sideroxylon,  Chrysophyllum, 
and  Mimusops  are  represented  in  all  tropical 
coimtries.  Four  genera  and  12  species  are 
represented  in  the  Wilcox  flora.  The  largest 
of  these  genera  is  BumeUa  Swartz,  which 
includes  6  well-marked  Wilcox  species.  Bume- 
Ua, which  contains  about  a  score  of  species,  is 
confined  to  America  in  the  existing  flora,  ranging 
from  the  southern  United  States  through  the 
West  Indies  and  Central  America  to  Brazil. 
It  includes  numerous  fossil  species,  the  oldest 
of  which  comes  from  the  Upper  Cretaceous 
(Dakota  sandstone)  of  the  western  interior 
region.  In  addition  to  the  6  Wilcox  species, 
which  are  prototypes  of  still  existing  forms, 
there  are  2  Eocene  species  (Ypresian)  in  south- 
em  England.  There  are  about  a  dozen 
Oligocene  species,  10  of  which  are  widespread 
in  Europe,  1  is  found  in  the  Apalachicola 
group  of  western  Florida,  and  two  fomns, 
representing  both  leaves  and  fruit,  are  found 
in  the  Vicksburg  group  of  Louisiana  and  Texas. 
Seven  or  eight  Miocene  species  are  widespread 
in  Europe,  and  one  is  recorded  from  the  late 
Miocene  of  Colorado. 

The  genus  Chrysophyllum  Linnfi,  which 
includes  about  60  existing  species,  foimd  in  all 
tropical  countries  but  chiefly  American,  con- 
tains a  supposed  species  in  the  Upper  Creta- 
ceous of  Saxony  (Niederschoena),  a  well- 
marked  species  in  the  Wilcox,  3  Oligocene  and 
6  Miocene  species  in  Europe,  and  1  in  Colombia. 

The  genus  Mimusops  Linn6,  which  contains 
about  40  existing  species  in  the  Tropics,  includes 
3  well-marked  Wilcox  species  and  a  fourth  in 
the  overlying  Claiborne  deposits.  To  it  has 
been  referred  a  species  from  the  Upper  Creta- 
ceous of  Saxony  (Niederschoena),  and  it  is 
undoubtedly  represented  in  the  Upper  Creta- 
ceous of  the  embayment  region  as  well  as  else- 
where by  the  leaves  that  have  been  referred  to 
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the  form  genus  Sapotacites.    Reid  refers  a  seed 
from  the  Pliocene  of  Limbnrg  to  this  genus. 

The  genus  Sideroxylon  Linn6,  which  includes 
about  80  existing  species  in  the  oriental  Tropics 
and  about  15  in  the  American  Tropics,  is  rep- 
resented by  2  species  in  the  Wilcox  flora,  which 
are  the  oldest  thus  far  discovered.  To  this 
genus  have  been  referred  4  Oligocene  and  1  or 
2  Miocene  species  from  Europe. 

Isonandra  Wright,  a  small  modem  genus  of 
the  Malayan  region,  is  represented  in  the  Ter- 
tiary of  Borneo  by  Isonandrophyllum  Geyler. 
The  genus  Achras  Linn6  (Sapota  Plumier),  now 
monotypic  in  tropical  America,  contains  3  spe- 
cies in  the  European  Miocene.  Labatia 
Swartz,  which  includes  6  existing  species  in 
the  American  Tropics,  has  been  doubtfully 
determined  in  the  Miocene  of  Prussia  and  Italy. 
Felix  has  described  two  forms  of  petrified  wood, 
which  he  refers  to  this  family  under  the  name 
Sapotoxylon,  one  species  from  Germany  and 
the  other  from  an  unknown  locaUty  and  hori- 
zon. The  genus  Calophyllum  Pierre  is  repre- 
sented by  handsome  leaves,  as  yet  undescribed, 
in  the  upper  Eocene  (Jackson  formation)  of 
Texas;  and  a  very  characteristic  seed  has 
recently  been  described  *  from  the  middle 
Eocene  (Qaibome  group)  of  Mississippi  as  the 
type  of  a  new  genus,  Eoachras. 

A  large  number  of  fossil  forms  of  Sapotaceae 
have  been  referred  to  the  form  genus  Sapota- 
cites proposed  by  Ettingshausen  (also  Sapoto- 
phyllum).  At  least  10  Upper  Cretaceous  forms 
are  widespread  in  North  America  and  are  rep- 
resented in  Europe  in  the  Perucer  beds  of 
Bohemia  and  the  Credneria  stage  of  southern 
Saxony  (Cenomanian).  Three  of  these  Upper 
Cretaceous  forms  from  the  Tuscaloosa  forma- 
tion of  Alabama  undoubtedly  represent  the 
ancestors  of  some  of  the  WUcox  forms.  There 
are  about  10  recorded  species  of  Sapotacites  in 
the  Eocene  of  France  and  southern  England. 
There  are  about  a  score  of  species  in  both  the 
Oligocene  and  Miocene,  most  of  which  are 
European,  though  there  is  an  undescribed  spe- 
cies in  the  Apalachicola  group  of  western 
Florida.  In  the  Pliocene  there  are  species  in 
southern  Europe  and  on  the  island  of  Java. 

Notwithstanding  the  incompleteness  of  the 
record,  the  family  obviously  became  well  dif- 
ferentiated during  the  Upper  Cretaceous,  and 
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though  it  would  not  be  safe  to  assign  its  place 
of  origin  to  the  American  region,  it  is  probable 
that  at  least  several  of  the  genera,  such  as 
Bumelia,  originated  m  this  region. 

The  family  Ebenacese  includes  about  8 
genera  and  more  than  300  existing  shrubs  and 
trees,  of  which  over  half  are  referred  to  the 
genus  Diospyros  Linn6.  The  family  is  mainly 
tropical,  as  are  most  of  the  species  of  Diospy- 
ros, though  that  genus  is  represented  in  the 
North  Temperate  Zone  in  eastern  North  Amer- 
ica, eastern  Asia,  and  the  Mediterranean  re- 
gion. The  3  modem  monotypic  genera,  Tetra- 
clis,  Brachynema,  and  Rhapidanthe,  are  con- 
fined, respectively,  to  Madagascar,  Brazil,  and 
West  Africa,  and  none  have  been  foimd  fossil. 
The  genus  Royena  is  mostly  South  African; 
Euclea  is  entirely  confined  to  Africa;  Maba,  a 
large  genus,  ranges  from  Africa  eastward  to 
Polynesia;  and  Macreightia  is  common  to 
tropical  Africa  and  America. 

Diospyros,  which  includes  about  180  exist- 
ing species,  is  cosmopolitan.  Between  90  and 
100  fossil  forms  have  been  described.  In  that 
grand  display  of  dicotyledonous  genera  which 
during  the  middle-Cretaceous  replaced  the  old 
Mesozoic  flora  of  ferns,  cycads,  and  conifers, 
and  which  appeared  with  such  apparent  sud- 
denness in  many  locaUties  in  the  Northern 
Hemisphere,  we  find  unmistakable  evidence  of 
the  abundance  and  wide  distribution  of  species 
of  Diospyros.  No  less  than  17  different 
forms  have  been  described  from  the  rocks  of 
this  age,  and  the  locaUties  are  scattered  from . 
Australia  to  Bohemia,  Greenland,  and  Vancou- 
ver Island.  Nearly  all  these  species  are  Ameri- 
can, and  they  seem  to  have  been  especially  at 
home  along  the  Cretaceous  coast  of  the  Atlan- 
tic and  along  the  border  of  the  Mediterranean 
Sea  which  extended  northwestward  from  the 
Gulf  of  Mexico  over  much  of  our  present  Great 
Plains  area.  One  of  these  species,  well  named 
Diospyros  primseva  by  Heer  in  1866,  is  espe- 
cially widespread  and  abimdant.  It  occurs 
not  only  in  Iowa,  Kansas,  and  Nebraska  in  the 
West,  but  also  from  Texas  eastward  through 
Alabama  and  northward  in  South  Carolina, 
North  Carolina,  Maryland,  New  Jersey,  Long 
Island,  and  Greenland,  or  from  latitude  33° 
to  latitude  71®  north.  That  these  early  per- 
simmons were  not  vory  different  from  those  of 
to-day  is  shown  by  their  similar  foliage.  This 
resemblance  is  also  fhown  by   the  fossilized 
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remains  of  the  calices  of  various  species.  One 
of  these  calices  from  another  early  Cretaceous 
species,  recently  described  by  the  writer  as 
Diospyros  vera,  is  found  in  what  is  known  in 
the  Potomac  River  valley  as  the  Raritan  for- 
mation. Apparently  the  habit  of  accrescence 
had  not  been  fully  formed,  but  the  calyx  was 
persistent  then  as  now  and  entirely  like  a  mod- 
em calyx  in  appearance.  It  was  four-parted, 
as  is  the  rule  in  existing  persimmons,  but  other 
fossil  forms  had  a  five-parted  calyx,  like  many 
present-day  tropical  species. 

In  the  Eocene  epoch,  which  succeeded  the 
Cretaceous,  the  records  of  the  fossil  occurrences 
of  Diospyros  show  that  it  was  truly  cosmopoli- 
tan. These  records  include  about  20  species 
in  Siberia,  Alaska,  and  Greenland  on  the  north 
and  in  Canada  and  various  localities  in  Europe, 
as  well  as  Colorado,  Montana,  Wyoming,  Ne- 
vada, Oregon,  Washington,  and  other  West- 
em  States.  Unfortunately  we  have  no  Eocene 
or  later  Tertiary  records  along  the  Atlantic 
coast  of  North  America  outside  the  embayment 
region,  since  the  preserved  deposits  are  all  of 
marine  origin  and  contain  no  fossU  plants. 
There  is  little  doubt,  however,  that  Diospyros 
continued  to  be  an  abundant  element  in  the 
arborescent  flora  of  this  area. 

There  are  2  well-marked  species  of  Dios- 
pyros in  the  Wilcox  flora,  one  of  which  contin- 
ues in  this  region  through  the  Claiborne.  A 
large  calyx  is  found  in  deposits  of  Jackson  age 
in  southwestern  Texas. 

There  are  about  24  Oligocene  species,  most  of 
them  especiaDy  common  throughout  southern 
Europe.  There  is  an  American  species  of  this 
age  in  the  Apalachicola  group  of  western 
Florida  and  abundant  petrified  fruits  in  the 
Oligocene  of  the  Istlmius  of  Panama.  The 
luxuriant  forests  of  the  Miocene  have  furnished 
about  20  species  of  Diospyros.  The  known  dis- 
tribution at  this  time  includes  European  locaU- 
t^ies  from  Spain  to  Hungary  and  American 
records  in  Oregon,  California,  Yellowstone 
Park,  and  Colorado.  There  are  7  Pliocene 
species  in  southern  Europe  and  in  Java,  and 
the  genus  is  still  represented  in  Holland. 

The  allied  genus  Royena  Linn6  is  represented 
by  splendidly  preserved  fruits  from  the  oasis  of 
Chargeh  in  Egypt  (I^pper  Cretaceous)  as  well 
as  by  4  Oligocene  and  2  Miocene  species  in 
Europe.  It  seems  never  to  have  been  cosmo- 
politan like  Diospyros,  since  it  has  never  been 


recognized  in  the  Western  Hemisphere.  The 
fossil  history  of  the  genus  Euclea  Linn6  was 
evidently  similar  to  that  of  Royena.  It  makes 
its  appearance  in  the  basal  Oligocene  of  Europe, 
where  it  is  represented  throughout  the  Oligo- 
cene and  Miocene  epochs  and  becomes  con- 
fined to  Africa  in  Pliocene  and  Pleistocene 
times. 

The  genus  Macreightia  De  CandoUe  includes 
9  or  10  existing  sp>ecies,  one  occurring  in  trop- 
ical Africa  and  the  remainder  in  America. 
Macreightia  is  represented  by  both  leaves  and 
flowers  in  fossil  floras  and  it  has  been  a  favorite 
receptacle  for  tripartite  caUces,  not  all  of  them 
of  assured  botanic  identity.  The  oldest  form 
comes  from  the  German  OUgocene,  and  there 
are  5  or  6  species  in  the  European  Miocene. 
It  has  not  been  definitely  recognized  in  North 
America,  although  some  of  the  Wilcox  mate- 
rial is  not  unlike  some  Europ>ean  material 
referred  to  Macreightia. 

Felix  has  recognized  wood  of  this  family 
(Ebenoxylon)  in  the  Oligocene  of  Antigua. 

The  order  Gentianales  (Contortse  of  Engler) 
ihcludes  6  families  and  between  4,000  and  5,000 
existing   species.     The   largest   family   is   the 
Asclepiadaceae,  which  contains  more  than  2,000 
species.     The  famihes  are  complexly  related 
among   themselves    and    with   the   next   two 
orders,   almost  the  only  constant  characters 
being  the  opposite  leaves  and  the  generally 
twisted  corolla  in  aestivation.     The  Asclepiada- 
ceae, not  found  in  the  Wilcox,  shares  with  the 
Apocynaceae  in  the  development  of  a  latex 
system  and  in  other  specializations,  and  the 
elaborate  contrivances  for  entomophily  in  the 
Asclepiadaceae  reach  a  degree  of  complexity 
almost  comparable  with  that  of  the  Orchida- 
ceae.     The  Loganiaceae,  also  not  represented  in 
the  Wilcox  flora,  are  lianas  characteristic  of 
South  America  and  Asia,  which  are  regarded 
by  Engler  as  relatively  primitive  and  possibly 
the   ancestral  stock  of   the   Gentianales    and 
Rubiales.     The  order  as  a  whole  is  numerioallv 
massed  in  the  Tropics  by  reason  of  the  m.any 
tropical  genera  of  the  two  largest  families,  the 
Asclepiadaceae  and  Apocynaceae,  which  together 
contain  three-fourths  of  the  existing  species  of 
the  order. 

The  family  Oleaceae,  sometimes  considered  as 
an  order,  the  Oleales,  contains  21  genera  and 
about  400  existing  species.  Three  small  genera 
are  pecuUar  to  Asia  and  4   are  pcciiliar  to 
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America;  the  remaining  14  genera  are  found  in 
more  than  one  continental  area.  The  3 
largest  genera,  Fraxinus  (40  species),  Mayepea 
(50  species),  and  Jasminum  (160  species),  are 
all  cosmopolitan.  Eight  of  the  21  genera  have 
been  found  fossil,  and  the  family  evidently  has 
an  extended  history,  although  there  are  no 
known  Cretaceous  records  worthy  of  credence. 
Nor  is  the  record  well  enough  loiown  to  war- 
rant generalizations.  It  is  obvious  from  the 
early  Eocene  occurrence  of  leaves  of  Fraxinus 
associated  with  characteristic  fruits  that  the 
family  must  have  been  evolved  before  the  close 
of  the  Upper  Cretaceous,  but  none  of  the  genera 
have  any  well-marked  or  abundant  known  rep- 
resentation imtU  Tertiary  times. 

The  genus  Fraxinus  Liim6  is  represented 
by  2  species  in  the  Wilcox  flora — a  character- 
istic samara  and  foUage  identical  with  that 
described  by  Heer  from  western  Greenland  as 
Fraxinus  johnstrupi.  Heer^s  species  furnishes 
an  interesting  example  of  the  extended  distri- 
bution of  members  of  the  Eocene  flora,  at  the 
same  time  illustrating  the  northward  radiation 
of  floras  during  the  Eocene.  More  than  10 
additional  Eocene  species  are  known,  all  of 
which  are  American,  ranging  from  Tennessee 
to  Alaska  and  Greenland.  The  Oligocene 
marks  the  appearance  of  the  genus  in  Europe, 
from  which  time  to  the  present  the  genus  has 
been  represented  throughout  the  warmer  parts 
of  the  North  Temperate  Zone,  at  least  4  of  the 
existing  species  making  their  appearance  in 
the  Pleistocene. 

The  second  genus  represented  in  the  Wilcox 
flora  is  Osmanthus  Loureiro.  It  includes  about 
10  existing  species  of  eastern  North  America, 
eastern  Asia,  and  Polynesia.  The  Wilcox 
species  is  exceedingly  close  to  OsTnanthus  ameri" 
canu8  Bentham  and  Hooker,  of  the  Atlantic 
and  Gxdf  coasts  from  North  Carolina  south- 
ward. A  second  fossil  species  is  foimd  in  the 
Miocene  of  Florissant,  Colo. 

The  Old  World  genus  PhiUyrea  Linn6  is 
found  fossil  in  Europe.  The  genus  Notelssa 
Ventenat,  which  contains  6  existing  Australian 
species  and  an  isolated  remnant  of  its  former 
distribution  in  Madeira  and  the  Canary  Islands, 
is  represented  in  the  Eocene,  Oligocene,  and 
Miocene  of  Europe.  The  genus  Olea  Linnfi, 
which  includes  more  than  30  existing  species, 
about  equally  divided  between  Africa,  Asia,  and 
AustraUa  and  Polynesia,  is  represented  by  about 
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20  fossil  forms  (including  Oleophyllum  Con- 
wentz  and  Oleaecarpum  Menzel)  in  Europe, 
where  they  range  in  age  from  the  basal  Eocene 
through  the  Oligocene,  Miocene,  and  Pliocene 
.  to  the  Pleistocene.  The  genus  is  not  known 
iQ  American  fossil  floras,  but  there  is  a  supposed 
species  in  the  early  Tertiary  of  Australia. 

The  genus  Ligustrum  Linn6,  which  contains 
about  35  existing  species  in  southeastern  Asia 
and  the  East  Indies,  is  represented  by  3  species 
IQ  the  Ohgocene  and  Miocene  of  Europe. 
A  species  of  Ligustrum  recorded  by  HoUick 
from  the  Upper  Cretaceous  of  Long  Island  \b 
probably  a  Pisonia.  Saporta  has  described 
representatives  of  the  genera  Syringa  Linng, 
based  on  floral  remains  from  the  Sannoisian  of 
southeastern  France. 

The  family  ApocynaceaB  comprises  133  genera 
and  between  1,000  and  1,100  exbting  species  of 
perennial  herbs,  vines,  shrubs,  and  trees,  most 
.  of  which  have  a  milky  acrid  juice  and  simple 
exstipulate  leaves.  The  fruit  as  a  rule  con- 
sists of  a  pair  of  foUicles  or  drupes  and  the 
seeds  of  many  forms  are  comatose.  The  family 
is  almost  equally  divided  iuto  2  subfanuhes, 
the  PlumeroidesB,  which  contains  68  genera 
and  about  550  species,  and  the  Echitoidese, 
which  includes  65  genera  and  about  500  species. 
The  genera  Plumeria  Linn6,  which  comprises 
about  40  species,  and  Rauwolfia  Linn6,  which 
comprises  about  45  species,  are  cosmopoli- 
tan, mostly  tropical.  Twenty-four  genera  and 
about  300  species  occur  in  more  than  one  con- 
tinental area.  America  heads  the  list,  with  36 
peculiar  genera  and  about  325  species,  followed 
by  Africa,  with  28  peculiar  genera  and  about 
130  species,  and  Asia,  with  20  peculiar  genera 
and  about  75  species.  Australia  has  few 
endemic  genera  or  species,  but  numerous 
genera  range  from  Asia  .  or  Africa  to  the 
Austrahan  region,  and  several  genera  are 
pecidiar  to  Malaysia  and  to  Polynesia.  In  the 
present  state  of  our  knowledge  the  distribution 
does  not  furnish  material  for  generalization. 

The  fossil  record,  although  it  includes  repre- 
sentatives of  at  least  a  dozen  genera,  is  too 
incomplete  to  shed  much  light  on  the  history 
of  the  family  or  its  existing  distribution.  The 
largest  fossil  genus  is  the  form  genus  Apocyno- 
phyllum,  proposed  by  Heer,  which  embraces 
fossil  forms  that  resemble  Thevetia,  Cerbera, 
Apocynum,  and  other  existing  genera  of  the 
fwnily.     Five  species  which  are  recorded  from 
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the  Upper  Cretaceous  come  from  the  Dakota 
sandstone  of  the  western  interior  States  and 
from  AustraUa,  Westphalia,  and  Saxony. 
More  than  a  score  of  Eocene  species  are  widely 
distributed.  Of  5  species  in  the  Wilcox  flora 
several  are  exceedingly  well  marked  and 
common.  There  are  also  5  species  in  the 
Ypresian  of  southern  England.  Other  Eocene 
records  include  Greenland,  New  Zealand,  and 
Chile.  The  score  or  more  of  known  Oligocene 
species  are  confined  to  Eiu-opean  localities. 
The  Miocene  species  number  about  25,  mostly 
confined  to  Europe,  but  recorded  also  from 
Australia. 

Fossil  forms  have  been  sparingly  referred  to 
the  following  genera:  AUamanda,  Heemadict- 
yon,  and  Thevetia  have  been  recognized  by 
Engelhardt  in  the  early  Tertiary  of  Chile. 
Alyxia,  Alstonia,  Cerbera,  and  Tabemaemon- 
tana  have  been  recognized  in  the  European 
Tertiary  by  different  students.  The  genus 
Neritinimn  Unger  includes  4  or  5  species  in  the 
European  Miocene.  The  genus  Plmneria  con- 
tains 4  Miocene  species  in  Europe  and  a  Pliocene 
species  in  Brazil.  The  genus  Echitonium 
Unger  includes  more  than  a  dozen  fossil  species. 
There  are  5  species  in  the  Eocene,  including  a 
well-marked  form  in  the  Wilcox  flora;  2  in  the 
Oligocene  and  5  in  the  Miocene  of  Europe. 

The  genus  Nerium  Linnfi  contains  only  3  or  4 
existing  species  of  shrubs  or  trees  in  the 
warmer  parts  of  Eurasia.  However,  the  com- 
monly cultivated  Nerium  oleander  Linn6  of  the 
Levant  grows  to  a  relatively  large  size  and  is 
extensively  naturalized  m  Florida,  Bermuda, 
and  the  West  Indies.  Saporta  recorded  an 
Upper  Cretaceous  species,  Nerium  rohliif  from 
the  Campanian  of  WestphaUa,  but  it  is  almost 
certainly  a  member  of  the  Myrtaceae  and  not  a 
Nerium.  Undoubted  species  do  occur  in  the 
Eocene  of  Europe,  including  the  remains  of  a 
characteristic  flower  from  the  Paris  Basin. 
There  are  several  Oligocene  and  Miocene 
species  in  Europe,  and  the  existing  Nerium 
oleander  or  its  immediate  ancestor  occurs  in  the 
PUocene  of  southern  Europe  in  France  and 
Spain.  The  Wilcox  species  ApocynophyUum 
tabeUarum  is  very  suggestive  of  Neriimi,  but  the 
genus  is  not  certainly  known  in  the  Western 
Hemisphere. 

It  may  be  noted  that  with  the  exception  of 
species  of  ApocynophyUum,  which  are  not 
certainly  identified,  the  family  is  not  repre- 


sented in  the  abundant  known  Upper  Creta- 
ceous floras  of  the  world,  which  might  indicate 
that  it  originated  in  the  Southern  Hemisphere. 

The  order  Polemoniales  or  Tubiflorse  (not  the 
TubiflorsB  of  Engler,  which  includes  the  orders 
Polemoniales  and  Personales,  here  regarded 
as  distinct)  contains  the  four  families  Convol- 
vulacese,  Polemoniacese,  Hydrophyllacese,  and 
Boragin^cese.  The  first  three  are  character- 
istically American.  The  Convolvulaceae  are 
chiefly  tropical,  and  the  largest  family,  the 
Boraginacese,  is  typically  developed  in  the  North 
Temperate  Zone. 

The  family  Boraginacese,  the  only  one  of  the 
order  known  in   the  Wilcox   flora,   contains 
about  85  genera  and   1,600  existing  species, 
chiefly  of  widely  distributed  North  Temperate 
herbs  and  shrubs,  or  of  trees  in  tropical  coun- 
tries, characterized  by  alternate,  exstipulate, 
mostly  entire  leaves.     The  known  fossil  forms 
are  few  and  of  slight  significance.     They  com- 
prise for  the  most  part  Tertiary  remains  de- 
scribed as  species  of  Boraginites  and  Helio- 
tropites.    The  family   is  represented   in   the 
Wilcox  by  two  species  of  Cordia,  a  genus  that 
contains  about  230  existing  species  of  shrubs 
and  trees  of  the  warmer  regions  of  both  hemi- 
spheres, especially  the  western.    There  is  a 
species  in  the  Upper  Cretaceous  of  the  Missis- 
sippi embayment  area  (Tuscaloosa  formation) 
and  a  Miocene  species  in  Europe.     Early  Ter- 
tiary forms  are  recorded  from  Chile  by  Engel- 
hardt and  from  Tasmania  by  Ettingshausen. 
The  slight  evidence  available  indicates   that 
the  genus  originated  in  the  American  Tropics 
and  that  the  bulk  of  the  family  is  of  late  Ter- 
tiary origin. 

The  order  Personales  or  Labiatiflorse  in- 
cludes 16  families  distinguished  from  the 
Polemoniales  by  the  zygomorphism  of  the 
flowers.  The  specific  differentiation  is  great 
and  the  lines  of  descent  are  confusing.  The 
largest  famihes  are  the  Labiatse,  which  con- 
tains more  than  3,000  existing  species;  the 
Scrophulariacese,  which  contains  about  2,500 
species;  the  Acanthaceae,  which  comprises  about 
2,000  species;  and  the  Solanacese,  which,  com- 
prises about  1,800  species.  Two  of  the  16 
famiUes,  the  Verbenaceae  and  Solanaceae,  are 
represented  in  the  Wilcox  flora. 

The  family  Verbenaceae  includes  about  73 
genera  and  1,300  existing  species  of  widely 
distributed  herbs,  shrubs,  or,  in  tropical  coun- 
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tries,  trees.  The  family  is  largely  tropical  or 
subtropical  and  is  notably  represented  in  the 
South  American  region.  The  fossil  record  is 
most  incomplete.  The  largely  Old  Worid  genus 
Clerodendron  LinnS  is  unmistakably  present 
in  both  Eocene  and  Oligocene  of  Europe,  and 
Ettingshausen  has  referred  somewhat  doubt- 
fully deteimined  forms  from  the  European 
OUgocene  to  the  American  genus  Petr» 
Linn6  and  to  the  cosmopoUtan  genus  Vitex 
Linnfi.  The  genus  Citharexylon  Linn6  con- 
tains about  20  existing  species,  which  range 
from  the  Florida  Keys  and  Lower  CaUfomia 
through  the  American  Tropics  to  BoUvia  and 
Brazil.  A  single  species  found  in  the  Holly 
Springs  sand  and  Grenada  formation  is  ex- 
tremely close  to  the  existing  Oitharexyhn 
viUosum  Jacquin,  a  small  coastal  tree  of  the 
Florida  Keys,  the  Bahamas,  and  the  Antilles. 
With  the  exception  of  one  or  two  doubtfully 
determined  forms  in  the  Miocene  of  south- 
eastern Europe  and  a  form  described  by  Engel- 
hardt  from  the  Tertiary  of  Colombia  it  is  the 
only  known  fossil  form. 

The  genus  Avicennia  Liim6,  sometimes  made 
the  type  of  a  distinct  family,  the  Avicen- 
niacesB  or  black  mangrove  family,  includes 
from  3  to  30  existing  species,  according  to  the 
interpretation  of  different  students.  These 
plants  are  foimd  on  all  tropical  tidal  shores. 
Two  species  have  been  recognized  in  the 
Wilcox  flora,  one  based  on  leaves  and  the  second 
on  a  not  conclusively  identified  capsule. 

The  family  Solanace»  includes  about  70 
genera  and  about  1,600  existing  species,  widely 
distributed  and  largely  tropical  but  extending 
into  the  Temperate  Zone,  notably  in  the  West- 
em  Hemisphere.  It  comprises  herbs,  shrubs, 
vines,  or,  in  tropical  countries,  trees,  which 
bear  opposite,  stipulate,  toothed,  lobed,  or 
dissected  leaves.  Their  fossil  history  is  almost 
entirely  unknown.  The  single  Wilcox  rep- 
resentative of  the  family  is  a  flower  described 
as  Solanites,  a  genus  founded  on  the  some- 
what younger  remains  of  a  similar  flower 
found  in  the  Sannoisian  of  France  and  com- 
parable with  the  existing  South  American 
genus  Saracha  Ruiz  and  Pavon,  as  well  as  with 
Witheringia,  Solanum,  and  similar  forms. 

The  last  order  of  GamopetalsB  positively  rec- 
ognized in  the  Wilcox  flora  is  the  Rubiales, 
which  includes  more  than  5,000  existing  species, 
s^egated  into  5  famiUes.     More  than  four- 


fifths  of  the  species  are  referred  to  the  family 
Rubiacese,  the  only  one  represented  in  the 
Wilcox. 

The  Rubiacese  includes  about  355  genera  and 
more  than  4,500  existing  species  of  herbs, 
shrubs,  and  trees  that  bear  simple,  opposite  or 
verticillate,  mostly  stipulate  leaves.  They  are 
widely  distributed  and  largely  tropical.  Ac- 
cording to  Beccari  the  RubiaceeB  is  the  largest 
family  in  the  flora  of  Borneo.  It  ranks  second 
in  the  flora  of  the  Malay  Peninsula  and  in 
that  of  the  Philippines,  fourth  in  the  flora  of 
Central  America  (Hemsley),  and  third  in  that 
of  the  Celebes  (Koorders).  Though  the  Wilcox 
representation  is  confined  to  a  single  species 
each  of  Exostema,  Psychotria,  and  Guettarda, 
great  interest  must  attach  to  the  fossil  record 
of  so  highly  organized  a  family,  which  is  my 
justification  for  introducing  the  following  brief 
sketch  of  our  knowledge  of  it. 

No  less  than  27  genera  have  been  recognized 
in  the  fossil  state.  With  the  exception  of  the 
very  doubtful  determination  of  a  species 
referred  to,  Rubieephyllum  from  the  Tiuronian 
of  Bohemia,  which  doubtless  is  a  species  of 
EJricacese,  the  family  is  unknown  in  the  Upper 
Cretaceous.  It  is,  however,  represented  in  the 
early  Eocene,  both  in  America  and  Europe. 
The  Wilcox  forms  represent  a  species  of  Ex- 
ostema Richard,  close  to  the  existing  Ero- 
slema  carihseum  Roemer  and  Schultes,  which 
ranges  from  the  Florida  Keys  to  Central 
America.  The  genus  comprises  about  20 
existing  species  of  shrubs  and  small  trees,  which 
are  confined  to  the  Tropics  and  subtropics  of 
America.  The  second  Wilcox  species  is  re- 
ferred to  Guettarda  Endlicher,  a  genus  that 
comprises  about  50  species,  most  of  which  are 
confined  to  the  American  Tropics,  though  one 
or  two  cosmopolitan  tropical  maritime  species 
are  included.  The  Wilcox  form  is  very  close  to 
the  existing  Guettarda  eUiptica  Swartz,  a  small 
tree  of  the  Florida  Keys,  the  Bahamas,  and 
the  West  Indies.  The  third  Wilcox  species  is 
Psychotria  grandifoliay  described  originally  by 
Engelhardt  from  the  early  Tertiary  of  Chile. 
Thegenus  Psychotria Linn6  comprises  about  350 
(the  *' Index  Kewensis"  lists  between  600  and 
700)  existing  species  of  shrubs  and  small  trees 
in  tropical  America,  Africa,  Asia,  and  the  East 
Indies.  Two-thirds  of  its  species  are  American. 
The  fossil  form  is  compared  with  Psychotria 
grandis  Swartz  of  the  American  Tropics. 
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The  genus  Coussarea  Aublet,  which  includes 
about  40  existing  species  in  the  Brazilian 
region,  has  been  identified  by  Engelhardt  from 
the  early  Tertiary  of  Chile.  The  genus  Hoflf- 
mannia  Swartz,  which  includes  about  a  score 
of  existing  American  herbs  or  shrubs,  mostly 
confined  to  Central  America,  is  represented  by 
a  fossil  species  in  the  early  Tertiary  of  Chile. 
Likewise  the  genera  Sabicea  Aublet  and  Gouat- 
teria  Martins  each  have  a  single  species  in  the 
Tertiary  of  Chile,  and  Sabicea  has  also  been 
recorded  from  the  Tertiary  of  Colombia. 

The  Baltic  amber  (Sannoisian)  has  yielded 
a  flower  referred  to  Sendeha  and  a  leafy  twig 
referred  to  Enantioblastos.  The  genus  Ga- 
lium, which  comprises  more  than  250  widely 
distributed  existing  herbaceous  forms,  has 
been  doubtfully  identified  from  the  Eocene  of 
Greenland.  Its  fruits  are  also  not  uncommon  in 
Pleistocene  deposits.  The  genus  Randia  Hous- 
ton, which  embraces  about  100  existing  species  of 
shrubs  or  trees  in  the  Tropics,  is  identified  by  a 
fruit  in  the  Aquitanian  of  Rhenish  Prussia. 

The  genus  Rubiacites,  so  named  by  Webber 
from  its  resemblance  to  the  existing  forms  of 
Rubia  IAxm6,  contains  3  species  of  leaves  and 
flowers  in  the  Aquitanian  of  Prussia  and  Swit- 
zerland. The  genus  Gardenia  Ellis,  which  con- 
tains about  60  species,  chiefly  shrubs,  but  also  a 
few  trees,  of  the  Eastern  Hemisphere,  is  rep- 
resented by  characteristic  fruits  in  the  Spar- 
nacian  of  France,  the  Aquitanian  of  Germany 
and  England,  the  Miocene  of  Baden  and  Italy, 
and  the  PUocene  of  Italy.  The  genas  Poso- 
queria  Aublet,  which  includes  5  or  6  existing 
South  American  shrubs  or  trees,  is  represented 
according  to  Unger  by  both  leaves  and  fruits 
in  the  Miocene  of  Croatia  and  Engelhardt  has 
described  a  species  from  the  Tertiary  of  Co- 
lombia. The  genus  Ixora  Linn6,  which  com- 
prises 100  existing  species  of  shrubs  and  small 
trees  in  the  Tropics,  is  likewise  recorded  from 
the  Miocene  of  Croatia,  as  is  also  Pavetta 
Linnfi,  a  genus  which  includes  about  70  existing 
species  of  shrubs  or  small  trees  of  the  oriental 
Tropics  and  which  has  furnished  leaves,  flowers, 
and  fruits  from  the  celebrated  plant  and  insect 
beds  of  Radoboj,  in  Croatia. 

The  genus  Coprosoma  Forster,  which  includes 
40  existing  species  in  Australia,  New  Zealand, 
and  Oceanica,  was  recorded  by  Ettingshausen 
from  the  Tertiary  of  Tasmania.  The  genus 
Nauclea    Linnfi,    which    includes    30    existing 


species  of  shrubs  and  trees  in  tropical  Asia  and 
Oceanica,  was  identified  by  Unger  in  the  Euro- 
pean Miocene,  and  petrified  wood  of  this  type 
(Naucleoxylon)  was  described  by  Cri6  from  the 
PUocene  of  Java. 

Deane  has  recorded  a  species  of  Psychotri- 
phyllum  from  the  Tertiary  of  New  South  Wales. 

The  genus  Morinda  Linn6  includes  about  40 
existing  species  in  the  Tropics,  especially  in 
the  Orient  and  the  islands  of  the  Pacific.  A 
fossil  species  has  been  recorded  from  the  Oligo- 
cene  of  Italy,  and  5  additional  species,  based 
on  leaves,  have  been  described  from  the  Mio- 
cene of  Croatia. 

The  genus  Bothriospora  Hooker  fils,  which 
includes  a  single  existing  species  in  Guiana, 
occurs  in  the  Tertiary  of  Colombia  according 
to  Engelhardt.  The  genus  Endlichera  Presl 
(Enmieorrhiza  Pohl),  which  includes  a  single 
existing  species  that  ranges  from  Colombia 
to  Sao  Paulo,  Brazil,  has  been  identified  by 
Engelhardt  from  the  Tertiary  of  Ecuador. 

A  fruit  from  the  Tertiary  lignites  of  Bran- 
don, Vt.,  has  been  described  by  Perkins  as 
Rubioides  and  another  from  the  Aquitanian 
of  Rhenish  Prussia  by  Menzel  under  the  name 
Rubiacesecarpum.  Geyler  has  identified  the 
Old  World  genus  Grumilea  Gartner  in  the 
Tertiary  of  Borneo.  Finally  the  genus  Cin- 
chonidium,  proposed  by  Unger  for  fossil 
fruits  and  leaves  which  were  very  similar  to 
those  of  the  existing  South  American  genus 
Cinchona  Linn6,  is  represented  by  a  number  of 
species;  4  or  5  of  them  in  the  Eocene,  including 
the  Fort  Union  of  the  western  United  States 
and  the  Ypresian  of  England;  5  in  the  late 
Oligocene  of  southeastern  Europe;  and  about 
8  species  in  the  Miocene,  1  from  the  Esmeralda 
formation  of  Nevada  and  the  others  European. 

The  family  is  thus  well  represented  in  fossil 
floras  throughout  the  Tertiary,  but  the  small 
proportion  of  existing  genera  which  have  fossil 
representatives  and  the  incompleteness  of 
their  record  render  imtrustworthy  any  gener- 
alizations that  might  be  made. 

Under  ''Inoertee  sedis"  (pp.  350-^53)  are 
grouped  14  species  of*  the  Wilcox  flora,  includ- 
ing 2  forms  referred  to  Calycites,  2  to  Antho- 
lithus,  and  10  to  Carpolithus.^  It  would  be 
quite  useless  to  attempt  any  botanic  discussion 
or  comparison  of  these  uncertain  forms,  such 
remarks  as  they  suggest  being  more  sui  tably  con- 
fined to  the  discussion  of  the  individual  species. 
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PHYSICAL  CONDITIONS. 

No  part  of  North  America  is  so  favorably 
situated  for  the  study  of  the  floras  which  pre- 
ceded the  present,  extending  back  to  the 
first  recorded  appearance  of  angiosperms,  as 
the  South  Atlantic  and  Gulf  States.  No  sin- 
gle part  of  North  America  contains  so  continu- 
OU8  a  series  of  Tertiary  deposits  that  cany 
fossil  plants.  In  this  area  are  foimd  abundant 
floras  in  the  lower  and  middle  parts  of  the 
Eocene,  a  small  flora  in  the  upper  Eocene, 
large  floras  in  the  Oligocene,  some  material  in 
the  later  Miocene,  and  rather  abimdant  fossil 
plants  in  the  Pliocene,  as  well  as  in  many 
Pleistocene  deposits.  The  Rooky  Mountain 
region  is  rich  in  Eocene  fossil  plants  and  con- 
tains some  Miocene  floras,  but  practically  no 
Oligocene  or  Phocene  floras.  The  Pacific 
coast  region  likewise  furnishes  Eocene  and 
Miocene  fossil  plants  but  none  of  Oligocene  age. 
The  fossil  floras  of  the  Coastal  Plain  occur 
in  an  area  in  which  some  measure  of  accuracy 
can  be  att'ained  in  predicating  the  general  char- 
acter and  course  of  ocean  currents  and  winds 
and  other  physical  features  of  the  environ- 
ment. On  the  other  hand,  the  western  floras 
just  mentioned  grew  in  areas  wherb  at  times 
the  effects  of  volcanism  were  great;  in  areas 
where  erogenic  movements  were  active  and 
where  numerous  changes  in  topography  that 
involved  elevations  of  several  thousands  of 
feet  are  recorded;  areas  in  which  climatic 
conditions  not  only  differed  from  place  to 
place  but  passed  through  a  large  cycle  of 
secular  changes.  All  these  factors  greatly 
complicate  the  floral  history. 

The  floras  of  the  southern  Coastal  Plain  are, 
moreover,  checked  for  the  most  part  by  very 
abundant  marine  faunas  that  are  contained  in 
intercalated  beds,  or  else  the  plant-bearing 
beds,  which  represent  the  coastal  swamps  and 
the  shallow-water  deposition  of  the  old  em- 
bayment,  merge  laterally  into  the  contempo- 
raneous limestones  or  marls  which  were  form- 
ing in  more  open  waters  along  the  coasts  to 
the  south,  so  that  evidence  regarding  land 
temperatures,  derived  from  the  flora,  can  be 
compared  with  evidence  regarding  depth, 
character  of  the  bottom,  and  marine  tempera- 
tures derived  from  the  sedimentary  rocks 
and  their  faimas.  These  criteria  have  been 
admirably  worked  out  for  the  Florida  area  by 


Dall  and  Vaughan  for  the  post-Eocene,  and 
their  results  furnish  a  rehable  basis  for  deduc- 
tions from  the  study  of  fossil  floras  of  that  age. 

With  the  exception  of  fragments  of  the  pet- 
rified stems  of  conifers,  pahns,  and  dicotyle- 
dons  the  plant  remains  occur  in  the  form  of 
impressions,  mostly  of  foliage,  though  there  is 
a  goodly  representation  of  fruits  and  seeds, 
and  even  a  few  flowers  have  been  preserved. 

Though  the  oscillations  of  the  embayment  area 
have  been  numerous,  their  amount,  as  I  have 
just  mentioned,  has  been  inconsiderable,  only  a 
few  hundred  feet  at  most,  and  the  coastal  re- 
gion has  imiformly  been  one  of  slight  reUef. 
The  floras  show  an  almost  complete  absence  of 
upland  types,  which  is  in  striking  contrast  to 
the  European  older  Tertiary  floras.  Europe, 
the  only  large  area  of  the  globe  which  has  been 
thoroughly  studied,  was  far  less  stable  than 
this  region  in  Tertiary  times,  and  as  it  lay 
much  farther  toward  the  pole  it  was  subse- 
quently subjected  to  the  rigors  of  Pleistocene 
conditions,  whose  influence  never  reached  omr 
Southern  States. 

The  paleobotanic  record  of  the  Atlantic  and 
Gulf  Coastal  Plain  furnishes  a  history  which 
extends  back  beyond  the  oldest  known  an- 
giosperms to  a  time  (Lower  Cretaceous)  when 
the  flora  was  made  up  almost  entirely  of  tree 
ferns,  conifers,  and  those  interesting  cycado- 
phytes  (Cycadeoidea)  whose  trunks  are  in 
places  preserved  with  such  marvelous  perfec- 
tion that  the  outlines  of  the  embryos  in  the 
ovules  can  commonly  be  made  out  in  detail. 
To  come  a  step  nearer  my  present  theme,  a 
step  of  some  millions  of  years,  from  the  Lower 
into  the  Upper  Cretaceous,  we  find  the  first 
great  modernization  of  the  floras  of  the  world, 
which  was  due  to  the  seemingly  sudden  evolu- 
tion of  the  main  types  of  angiosperms.  These 
Upper  Cretaceous  floras  are  well  represented  in 
the  Coastal  Plain  from  Marthas  Vineyard  to 
Texas.  They  extend  northward  to  Greenland 
and  southward  to  Argentina  in  South  America 
and  indicate  very  different  physical  conditions 
from  those  which  prevail  at  the  present  time. 
I  do  not  intend,  however,  to  dwell  on  the  Upper 
Cretaceous  floras  in  this  connection,  but  pass 
to  a  consideration  of  the  succeeding  Eocene 
epoch  of  plant  evolution. 

The  Eocene,  as  defined  by  Lyell,  was  marked 
by  the  dawn  of  the  recent  species  of  marine 
Mollusca.     It  is  equally  well  marked  by  the 
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sudden  expansion  and  evolution  of  modem 
typos  of  plants  after  a  long  antecedent  Cre- 
taceous development.  The  floras  become  thor- 
oughly modernized  as  compared  with  those 
which  preceded  them,  although  they  are  still 
very  different  in  their  general  facies  and  dis- 
tribution from  those  of  the  present. 

In  the  earhest  epoch  of  the  Eocene,  known 
as  the  Midway,  the  relations  of  sea  and  land 
in  the  Gulf  area  difFored  in  only  minor  par- 
ticulars from  those  in  the  late  Cretaceous. 
The  waters  of  the  Mississippi  Gulf,  however, 
were  deeper.    This  factor,  combined  with  a 


have  withdrawn  southward  at  least  as  far  as 
the  position  indicated  on  the  accompanying 
sketch  map  (fig.  9),  since  terrestrial  conditions 
are  shown  at  the  extreme  base  of  the  Wilcox 
in  the  most  southerly  areas  of  its  outcrop. 
This  interval  of  emergence  of  the  embayment 
area  was  followed  by  an  equally  long  interval 
during  which  was  laid  down  a  great  thickness 
of  deposits  that  are  collectively  known  as  the 
Wilcox  group.  The  character  of  these  sedi- 
ments and  their  faunas  show  that  the  Mississippi 
Gulf  was  somewhat  smaller  in  area  and  much 
shallower  than  in  the  preceding  epoch  and 


Fiainut  8.— Uap showing  tb*  nuximum  eitcDt  of  tht  Uldwsy  liiin.iini>»i 


much  smaller  influx  of  fresh  water  from  the 
tributary  streams,  owing  in  some  measure  to 
the  low  relief  of  the  land,  enabled  marine 
faunas  to  reach  well  toward  the  head  of  the 
Gulf.  These  faunas  indicate  subtropical  bot- 
tom temperatures  northward  as  far  as  Paducah, 
Ky.  The  known  floras  are  very  scanty  and 
imsatisfactory  and  in  the  present  state  of  our 
knowledge  do  not  merit  an  extended  discussion. 
The  maximum  transgression  of  the  sea  during 
the  Midway  epoch  is  shown  on  the  accompany- 
ing sketch  map  (fig.  8). 

The  Midway  Ek>cene  was  succeeded  by  a  long 
interval  during  which  the  sea  is  believed  to 


that  true  marine  conditions  prevuled  only 
when  a  part  of  the  Wilcox  group  was  being 
laid  down.  The  shores  were  low  and  rela- 
tively flat.  They  were  flanked  by  current  or 
wave  built  bars  and  separated  from  the  main- 
land by  shaUow  inlets  or  lagoons.  The  lower 
courses  of  the  streams  were  iransfonned  into 
shaUow  estuaries  or  broad  swamps  through 
which  the  smaller  streams  meandered. 

The  maximum  area  of  the  WUcox  deposits 
is  also  indicated  on  the  accompanying  sketch 
map  (fig.  9),  which  shows  approximately  the 
shore  line  along  which  the  vegetation  migrated. 
The  Wilcox  deposits  have  yielded  one  of  the 
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most  extensive  of  known  fossil  floras,  an  as- 
semblage of  extinct  species  which  sheds  con- 
siderable light  on  the  physical  conditions  of  the 
marginal  lands  of  Wilcox  time. 

Before  taking  up  in  detail  the  evidence  of  the 
flora  I  wish  to  point  out  certain  general  climatic 
conditions  in  the  Wilcox  area  based  on  cosmic 
causes  and  deduced  from  studies  of  recent 
climates. 

As  the  factors  governing  atmospheric  circula- 
tion are  general  and  not  local,  the  relatively 
slight  changes  in  the  relation  of  land  to  sea  in 
Wiloox  time  as  compared  with  the  present  are 


low,  more  or  less  landlocked  water  would  have 
a  very  appreciable  effect  in  raising  total  tem- 
peratures and  in  preventing  widely  separated 
extremes.  At  the  same  time  it  would  increase 
the  rainfall  and  increase  the  width  of  the 
marginal  lands  over  which  this  augmented 
rainfall  would  be  effective.  Whether  this 
would  be  sufficient  to  furnish  the  subtropical 
conditions  that  the  flora  seems  to  indicate  is 
doubtful. 

Speculation  regarding  the  Eocene  climate  of 
the  world  as  a  whole  is  perhaps  out  of  place, 
but  it  may  be  said  that  the  sum  total  of 


FiouRS  0.— Map  showing  (A-AO  the  strand  line  at  the  beginning  of  Wilcox  deposition,  (B-B')  the  maximum  extent  of  the  Wiloox 

and  (C-C')  the  northern  limit  of  the  Wilcox  flora  under  existing  climatic  conditions. 


entirely  too  small  to  have  caused  much  modifi- 
cation of  the  then  existing  conditions.  Then 
as  now  there  was  a  persistent  area  of  high  pres- 
sure over  the  North  Atlantic  and  an  equally 
persistent  area  of  low  pressure  over  the  con- 
tinent. Consequently  the  prevailing  winds 
were  from  the  east.  Cyclonic  disturbances, 
like  those  which  originate  to-day  in  the  Gulf 
of  Mexico  or  those  more  Molent  and  wide- 
spread storms  of  the  West  Indian  hurricane 
type  which  to-day  originate  in  the  Caribbean 
Sea,  would  traverse  at  least  a  part  of  the  Mis- 
isssippi  embayment.    So  large  an  area  of  shal- 


paleontologic  evidence  indicates  that  the  fa- 
miliar succession  of  seasons  or  of  types  of  vege- 
tation in  passing  from  the  luxuriant  Tropics  to 
the  ice-capped  poles  did  not  hold  in  Eocene 
time.  Paleobotanists  have  long  maintained 
that  the  climate  of  the  present  is  essentially  a 
Pleistocene  climate  of  an  interglacial  character 
and  that  for  the  great  bulk  of  geologic  time 
uniformity  and  not  differentiation  has  been  the 
rule  rather  than  the  exception.  Though  the 
older  paleobotanists  were  inclined  to  over- 
estimate the  conditions  of  torridity,  it  remains 
true  that  from  the  Lower  Cretaceous  imtil 
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toward  the  dose  of  the  Oligocene,  not  to  men- 
tion the  evidence  derived  from  still  older  floras 
of  more  remote  botanic  aflSnities,  wherever 
fossil  floras  are  found,  from  the  Equator  to  the 
region  within  the  Arctic  Circle,  they  show  a 
degree  of  uniformity  which  proves  that  former 
climates  were  secularly  unUke  those  of  to-day, 
and  it  is  obvious  that  .this  floral  evidence  would 
be  equally  convincing  if  all  the  vast  number 
of  fossil  plants  were  simply  called  PhylUtes  as  in 
Schlotheim's  day  and  no  attempts  were  made 
to  determine  their  botanic  aflSnity. 

The  student  of  fossil  floras  is  naturally  more 
sanguine  and  enthusiastic  in  predicting  former 
physical  conditions  than  perhaps  is  warranted 
by  the  facts.  When,  however,  a  common  Up- 
per Cretaceous  flora  can  be  traced  from  Texas 
to  Greenland  or  when  we  find  in  the  Eocene 
such  unmistakable  forms  as  leaves  of  Arto- 
carpus,  fruits  of  Engelhardtia,  and  nuts  of  the 
nipa  palm  associated  with  forms  as  character- 
istic as  ferns  of  the  genus  Acrostichum,  all 
extending  almost  across  the  Temperate  Zone 
in  both  the  Eastern  and  Western  hemispheres, 
it  would  seem  that  the  burden  of  proof  that 
climates  were  not  very  different  from  those  of 
to-day  rests  with  the  physicist  and  not  with 
the  paleobotanist. 

In  a  short  paper  ^  read  before  the  American 
Philosophical  Society  in  1911  a  few  of  the 
features  of  the  Wilcox  environment  were 
pointed  out  and  in  the  present  discussion  of 
the  botanic  character  as  well  as  in  the  system- 
atic description  of  the  Wilcox  flora  it  has  been 
inexpedient  to  refrain  from  mentioning  certain 
ecologic  featmres  in  the  discussion  of  the  ele- 
ments of  the  flora.  The  table  of  general  dis- 
tribution at  the  end  of  the  discussion  of  corre- 
lation indicates  in  a  general  way  the  most 
similar  living  species  with  their  habitats,  and 
the  systematic  descriptions  aboimd  in  com- 
parisons with  recent  forms,  so  that  it  is  inad- 
visable to  give  detailed  lists  here.  It  may  be 
noted  that  the  Wilcox  plants,  almost  without 
exception,  are  plants  whose  modem  repre- 
sentatives inhabit  the  warmer  parts  of  the 
earth.  There  is  not  a  single  strictly  temperate 
type  in  the  whole  assemblage,  the  nearest  ap- 
proach to  such  types  being  the  genera  Juglans, 
Myrica,   MagnoUa,    Cercis,    Ilex,    Nyssa,    and 

I  Berry,  E.  W.,  A  study  of  the  Tertiary  floras  of  the  Atlantic  and  Golf 
Coastal  Plain:  Am.  Phllos.  See.  Proo.,  vol.  50,  No.  199, 1911. 


Fraxinus,  and  in  all  these  or  in  closely  related 
genera  there  are  existing  tropical  forms.  None 
of  them  extend  beyond  the  warmer  parts  of  the 
Temperate  Zone  and  some,  as  Juglans  and  Frax- 
inus, indicate  in  their  compound  leaves  their 
tropical  ancestry,  as  was  first  pointed  out  by 
Grisebach.  The  ferns  are  all  tropical  types, 
and  their  relative  unimportance  in  the  Wilcox 
flora  furthermore  indicates  that  the  major  part 
of  this  flora  is  a  strand  flora.  This  character 
is  shown  more  especially  by  forms  like  the 
nipa  palm,  which  never  grows  outside  of  tidal 
marshes,  and  by  Conocarpus,  Laguncularia, 
and  Avicennia,  which  inhabit  like  regions. 
Coastal  marsh  or  lagoon  plants  like  Canna, 
Trapa,  and  Sabalites,  and  the  large  number  of 
strand  types  that  inhabit  beaches  or  the  jungle 
behind  the  beach  ridges  or  dunes  add  to  this 
evidence.  The  more  striking  of  these  genera  are 
Myrica,  Artocarpus,  Ficus,  Coccolobis,  Pisonia, 
Anona,  Capparis,  Chrysobalanus;  several  genera 
of  LauraceaB,  Apocynacese,  Sapotacese,  and  Le- 
guminossB;  Fagara,  Cedrela,  Drypetes,  Meto- 
piimi.  Ilex,  Celastrus,  Sapindus,  Dodonsea, 
Reynosia,  Rhamnus,  Myrcia,  Eugenia,  Laguncu- 
laria, Combretum,  Terminalia,  Cordia,  Cithar- 
exylon,  Exostema,  and  Guettarda. 

It  needs  but  a  slight  acquaintance  with  the 
existing  Antillean  flora  or  that  of  the  Florida 
Keys,  or  in  lieu  of  actual  acquaintance  a  peru- 
sal of  the  few  ecologic  discussions  of  the  flora 
of  the  American  Tropics  or  even  of  Schimper's 
classic  Indo-Malavan  strand  flora,  to  see  at 
once  that  the  general  f acies  of  the  Wilcox 
flora  is  overwhelmingly  that  of  a  strand  flora, 
some  of  the  elements  of  which  indicate  that 
they  grew  on  the  sandy  beaches,  others  in 
muddy  tidal  flats,  others  between  or  behind 
dunes  or  beach  ridges,  And  others  in  estuary 
bayous  or  marshes.  Such  a  Wilcox  bayou, 
subsequently  converted  into  a  small  coal  basin, 
is  that  at  Hoyt  Station,  Wood  County,  Tex., 
which  winds  across  the  strike  of  the  Wilcox 
beds  and  has  a  diameter  of  half  to  three-quar- 
ters of  a  mile  and  an  exposed  length  of  3 
miles.'  None  of  the  forms  can  certainly  be 
considered  inland  or  upland  types.  Even 
genera  like  Banksia,  which  is  not  usually 
considered  a  coastal  type,  furnishes  in  the  ex- 
isting flora  BavJcsia  marginata  Cavanilles  to 
the  coastal  sand  dimes   of  South  Australia 

*  White,  David,  Bur.  Mines  Bull.  38,  p.  12, 1913. 
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(Tepper)  and  several  other  species  of  the 
genus  grow  on  the  dunes  of  Queensland,  Vic- 
toria, and  western  Australia. 

Little  has  been  written  of  the  plant  associa- 
tions of  the  American  Tropics,  and  collector's 
notes  almost  always  fail  to  describe  habitats 
adequately.  Though  the  marginal  Wilcox 
lands  were  low,  there  was  such  a  large  conti- 
nental area  to  the  north  from  which  to  draw, 
and  the  long  coast  furnished  such  varied 
edaphic  conditions,  that  the  flora  was  far 
richer  than  floras  of  small  insular  areas  of  the 
American  Tropics  of  the  present,  as,  for  exam- 
ple, that  of  the  Bahamas,  which  are  relatively 
close  to  the  mainland  and  where,  in  addition 
to  the  difficulties  of  introduction,  there  is  rela- 
tively great  uniformity  of  edaphic  factors  and 
directly  adverse  factors  exist,  such  as  winds, 
which  limit  the  floral  display. 

Without  pursuing  the  subject  in  greater  de- 
tail it  may  be  assumed  to  be  proved  that  the 
Wilcox  flora  is  a  typical  coastal  flora.     When 
it  is  compared  with  recent  coastal  floras  it  is 
at  once  apparent  that  its  affinities  are  entirely 
with  those  of  tropical  and  subtropical  Amer- 
ica.    It  has  much  in  common  with  the  Ba- 
haman  flora  and  that  of  the  Florida  Keys  but  is 
far  richer  in  arborescent  forms.     Comparisons 
with  the  larger  islands  of  the  West  Indies  show 
more  elements  in  common,  and  the  differences 
which  are  apparent  are  due  to  the  prevalence 
of  porous  coral  rock  along  these  recent  shores, 
whereas  the  Wilcox  shores  were  of  a  different 
character.     The    Wilcox    flora    agrees    most 
completely  with  the  floras  along  the  Caribbean 
coast  from  Central  America  to  northern  Brazil. 
Many  genera  of  the  Wilcox  flora  do  not  now 
range  through  the  West  Indies,  and  the  expla- 
nation seems  to  be  that  the  Wilcox  flora  more 
closely  resembles  the  original  flora  of  the  whole 
American    equatorial   region,    which    became 
restricted   during   the   epeirogenetic   and   cli- 
matic changes  of  the  Miocene  or  Pleistocene, 
and    the  elements  now  lacking  in  the  West 
Indies  never  regained  all  the  area  of  distri- 
bution which  they  lost  at  that  time.     In  a 
measure    confirmatory    of    this    statement   it 
may  be  mentioned  that  Hemsley,  in  his  elabo- 
rate discussion  of  the  flora  of  Mexico  and  Cen- 
tral  America,  lists  698  South  American  species 
of   flowering  plants  in  those  floras  which  in 
1888     were    unknown    in    the    West    Indies. 


These  included  1  gymnosperm  (Podocarpus), 
183  monocotyledons,  and  514  dicotyledons. 

The  following  comments  on  the  existing  flora 
of  northern  South  America  are  not  out  of  place 
in  this  connection.  Undoubtedly  the  richest 
botanic  province  on  the  globe  is  the  tropical 
rain  forest  of  South  America.  In  the  monu- 
mental ''Flora  Brasiliensis"  Martins  has  de- 
scribed 22,800  species  of  plants,  and  this  num- 
ber probably  represents  not  more  than  half  of 
the  total  botanic  wealth  of  this  trackless  wil- 
derness. Wallace  in  1911  estimated  that  there 
were  about  80,000  species  of  flowering  plants 
in  tropical  South  America;  in  other  words,  a 
number  about  equal  to  that  of  all  the  other 
tropical  floras  of  the  world  combined.  This 
region  is  also  notable  in  that  it  comprises  the 
largest  equatorial  forest  of  the  world.  The 
Amazon  plain  alone  is  approximately  2,000,000 
square  miles  in  area,  and  it  is  covered  by  an 
almost  continuous  forest,  which  extends  south- 
ward along  the  valleys  into  central  Brazil  and 
along  the  Atlantic  coast  to  latitude  30^  south. 
It  extends  westward  to  the  eastern  slopes  of  the 
Andes  and  thence  southward  into  the  Temper- 
ate Zone.  It  extends  northward  over  the 
Guianas  and  through  Venezuela  to  Trinidad, 
and  thence  along  the  coast  to  Central  America 
and  the  lowlands  along  the  Atlantic  and  Pacific 
coasts  of  southern  Mexico.  This  wonderful 
region  may  be  regarded  as  a  vast  preserve  in 
which  the  living  representatives  of  so  many 
elements  of  our  southern  Tertiary  floras  have 
not  only  avoided  extinction  but  become  greatly 
differentiated  and  multiplied.  I  have  men- 
tioned the  possibility  of  finding  Engelhardtia 
in  the  western  part  of  this  relatively  imexplored 
region,  and  it  may  contain  many  other  genera 
which  were  American  in  past  epochs. 

Seemann^  has  graphically  described  the  flora 
of  the  Isthmus  of  Panama,  and  his  description 
affords  an  interesting  comparison  with  that  of 
the  Wilcox,  although  it  is  undoubtedly  more 
tropical  and  would  probably  be  more  closely 
comparable  with  the  flora  of  the  lower  Oligocene 
of  our  Gulf  States,  if  that  flora  was  as  well 
known  as  the  Wilcox  flora.  He  says  that  the 
dunes  abound  in  Leguminosse,  Euphorbiacese, 
coconut  palms,  and  Hippomane  scrub.  Cres- 
centia  and   Paritium  form   thickets.     A   wet 


>  Seemann,  Berthold,  Flora  Panamensls,  Botany  of  the  voyage  of 
H.  M.  S.  Herald,  pp.  57-346, 1852-1857. 
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strip  about  2  miles  in  width  is  covered  with 
mangroves,  chiefly  Rhizophora  and  Avicennia, 
interspersed  in  the  somewhat  drier  areas  with 
extensive  tracts  of  Acrostichum,  some  of  the 
fronds  of  which  are  10  feet  tall.  Bowers  of  wild 
figs,  fragrant  evergreen  pithecolobiums,  bam- 
boos, and  ivory  palms  are  also  found  near  the 
coast.  The  evergreen  forest  zone  consists 
chiefly  of  Sterculiaceee,  Tiliacese,  Mimosacece, 
Papilionacese,  Euphorbiacese,  Anacardiacese, 
Melastomacese,  and  Rubiacese,  with  small  palms 
(Chamsedorea,  Trithrinax,  and  Bactris). 

It  may  seem  improper  to  say  that  a  flora 
which  contains  abimdant  forms  of  Artocarpus, 
Nipa,  Cinnamomum,  Banksia,  and  the  like  is 
entirely  American  in  character,  but  from  the 
brief  sketches  in  the  botanic  discussion  it  is 
obvious  that  these  genera,  though  oriental  in 
the  existing  flora,  were  cosmopolitan  in  the 
early  Tertiary,  so  that  it  is  misleading  to  draw 
conclusions  from  existing  distribution  alone. 

The  Wilcox  waters  of  the  upper  embayment 
were  always  shallow.  There  were  fringing  bars 
and  lagoons  as  well  as  deltas,  estuaries,  and 
swampy  bayous.  Most  of  the  Wilcox  lignites 
were  probably  formed  in  these  coastal  swamps, 
and  the  immediately  underlying  clays  or  clayey 
sands  usually  show  evidence  of  roots  in  place, 
some  of  them  of  large  size.  The  sand  films  in 
the  lignites  indicate  flood  periods  of  rivers. 
The  deposits  in  places  show  the  action  of  the 
rivers  and  the  shifting  of  streams  over  sand 
flats.  Regarding  actual  temperatures  so  little 
is  known  of  the  relations  of  modem  plants  to 
their  climatic  environment  that  general  esti- 
mates only  can  be  given. 

It  is  obvious  that  the  flora  could  not  have 
existed  if  the  region  had  been  ever  visited  by 
frost,  and  temperatures  appear  to  have  been 
like  those  to-day  on  the  Florida  Kejrs.  Aside 
from  the  meteorologic  evidence  that  there  was 
a  wide  coastal  belt  of  abundant  precipitation, 
confirmation  is  furnished  by  the  flora  itself.  It 
would  seem  to  me  proper  to  compare  the  Wil- 
oox  flora  with  those  of  the  regions  to  which  the 
somewhat  loosely  used  term  subtropical  rain 
forest  is  applied  by  plant  geographers.  Too 
little  is  known  of  the  Midway  ( ?)  flora  for  accu- 
rate comparisons.  If  compared  with  the  Up- 
per Cretaceous  flora  of  the  embayment  area,  in 
which,  however,  40  per  cent  of  the  genera  are 


extinct,  the  Wilcox  would  seem  to  have  become 
more  tropical,  a  progression  from  what  might 
be  termed  a  warm  temperate  to  a  subtropical 
rain  forest.  On  the  other  hand,  the  floras  as 
well  as  the  faunas  show  a  gradual  increase  of 
tropical  conditions  in  the  later  Eocene,  cul- 
minating in  the  Oligocene,  the  flora  of  which  in 
southeastern  North  America  is  strictly  tropical. 

Bailey  and  Sinnott  have  formulated^  a 
method  of  approximating  climatic  factors  by 
a  study  of  the  percentage  of  dicotyledonous 
leaves  with  entire  and  toothed  margins.  Al- 
though subject  to  a  variety  of  modifying  fac- 
tors and  as  yet  practically  untested,  the 
method  at  least  offers  an  additional  means  of 
checking  results  obtained  by  other  methods. 
The  Wilcox  flora  represented  by  leaves  and 
leaflets  comprises  264  species  with  entire  mar- 
gins and  46  species  with  toothed  margins,  or 
0.826  per  cent  of  the  first  and  0.174  per  cent 
of  the  second.  This  percentage  of  entire  mar- 
gined forms  is  much  greater  than  Bailey  and 
Sinnott  find  in  any  existing  warm-temperate 
floras  for  which  they  have  compiled  statistics. 
It  is  comparable  with  the  percentage  of  entire 
leafed  forms  in  the  floras  of  Ceylon  (80  per 
cent),  Manila  (81  per  cent).  West  Central 
Africa  (81  per  cent),  Queensland  (82  per  cent), 
New  South  Wales  (82  per  cent),  Florida  (83 
per  cent).  In  view  of  the  more  complete  data 
obtainable  for  recent  floras  and  the  uncertainty 
regarding  the  unknown  part  of  the  Wilcox 
flora  positive  results  are  not  to  be  expected. 
The  percentage  of  entire  leaves  in  the  existing 
floras  of  moist  lowland  tropical  regions  is  stated 
to  be  88  per  cent.  As  the  Wilcox  flora  is 
known  to  have  been  one  of  moist  lowlands,  it 
could  not  on  this  basis  be  tropical,  which  con- 
clusion is  in  accord  with  those  derived  from 
other  considerations,  and  I  am  disposed  to 
consider  the  close  agreement  in  the  percentage 
of  entire-leafed  forms  between  the  flora  of  the 
Wilcox  and  that  of  the  existing  flora  of  Florida 
as  being  of  considerable  significance. 

Lianas  were  apparently  not  as  common  in 
the  Wilcox  as  they  are  in  the  existing  floras 
with  which  it  has  been  compared.  No  traces 
of  the  Bignoniaceae,  so  common  in  the  Amer- 
ican Tropics,  have  been  detected,  the  scandent 

i  Bailey,  I.  W.,  and  Sinnott,  £.  W.,  A  botanical  index  of  Cretaoeoas 
and  Tertiary  climates  Science,  new  ser.,  vol.  41,  pp.  832-833, 1915. 
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types  being  represented  by  Lygodium,  Aristo- 
lochia,  Malpighiacese,  Canavalia,  Pisonia  (?), 
and  Zizyphus.  I  am  inclined  to  think  that  the 
great  imiformity  of  climatic  conditions,  to- 
gether with  the  abundant  rainfall,  have  com- 
bined to  make  the  Wilcox  flora  seem  more 
tropical  in  character  than  was  actually  the 
case.  That  reef  corals  are  not  found  in  the 
Wilcox  is  I  believe  entirely  due  to  physical 
conditions  other  than  those  of  temperature,  as, 
according  to  Vaughan,^  is  so  often  strikingly 
shown  in  Recent  seas. 

I  have  indicated  on  the  sketch  map  (fig.  9, 
C-C',  p.  135)  what  I  conceive  would  be  the 
northern  limit  of  range  of  the  Wilcox  flora 
imder  existing  climatic  conditions  in  south- 
eastern North  America. 

Most  of  the  generic  types  of  the  Wilcox  were 
probably  differentiated  by  the  close  of  the 
Cretaceous  period.  If,  as  I  believe,  the  equa- 
torial region  of  America  was  the  place  of  origin 
of  a  majority  of  those  types  which  have  not  as 
yet  been  recorded  from  the  Cretaceous,  they 
must  have  spread  northward  along  the  Missis- 
sippi Gulf  either  during  the  Cretaceous-Eocene 
interval,  during  the  Midway,  or  during  the 
Midway-Wilcox  interval.  Though  the  time 
available  for  this  northward  dispersal  was  thus 
sufficiently  long  to  account  for  the  migration 
of  even  the  most  slowly  spreading  forms,  a 
short  statement  on  the  adaptations  and  agen- 
cies of  this  dispersal  is  not  without  interest. 

The  Wilcox  plants  which  bear  winged  fruits 
or  seeds  are  Engelhardtia,  Paraengelhardtia, 
Dodonsea,  Paliurus,  Fraxinus,  and  the  Pro- 
teacese  and  Malpighiaceas.  None  of  these 
plants  are  capable  of  long  flights  except  those 
of  the  last  two  families,  which  during  high 
ivinds  might  readily  be  carried  for  miles  along 
coasts,  although  it  Js  doubtful  if  they  could 
have  crossed  great  stretches  of  open  water, 
even  through  the  agency  of  a  West  Indian  hur- 
ricane. The  heavier  winged  fruits,  such  as 
those  of  Engelhardtia,  Paraengelhardtia,  Pa- 
liurus, Dodonaea,  and  Fraxinus,  float  readily, 
but  I  do  not  know  of  any  experimental  data  to 
show  how  long  they  can  float  in  oceanic  waters 
without  losing  their  vitality.  Certainly  Do- 
donsea  has  reached  the  Bermudas  in  recent 
times  through  the  agency  of  the  Gulf  Stream, 
and  Guppy  states  that  the  fruits  of  Dodonsea 

>  Carnegie  Inst.  Washington  Pub.  182, 1914;  Washington  Acad.  Sci. 
Jour.,  vol.  4,  no.  2, 1914. 


viscosa  float  for  months  in  sea  water  without 
injury.  Among  the  Wilcox  forms  more  or  less 
adapted  for  floating,  the  following  genera  may 
be  enumerated:  Nipadites,  Canna,  Taxodiimi, 
Carapa,  Dalbergia,  Canavalia,  Anona,  Csesalpinia, 
Sophora,  Cordia,  Sapindus,  Sterculiocarpus, 
Trapa,  Avicennia,  Solanites,  Exostema,  and 
the  Combretaceae.  Among  these  forms  Canna, 
Taxodium,  Trapa,  and  Exostema  are  scarcely 
adapted  for  sea  voyages,  but,  on  the  other  hand, 
Nipadites,  Sapindus,  Sterculiocarpus,  Avicen- 
nia, Carapa,  and  the  Combretacese  are  singularly 
adapted  for  dispersal  by  ocean  currents  and 
would  be  in  the  van  of  forms  colonizing  the 
shores  of  the  transgressing  Wilcox  sea. 

Many  of  the  Wilcox  genera  had  fleshy  or 
drupaceous  fruits,  which  form  the  food  of  mam- 
mals and  also  especially  of  frugivorous  birds. 
Among  these  forms  the  following  may  be 
mentioned:  Myrica,  Ficus,  Coccolobis,  Mag- 
nolia, Pisonia,  Asimina,  Chrysobalanus,  Sima- 
ruba,  all  the  Lamracese,  IlicaceaB,  Celastracese, 
Myrtacese,  EbenacesB,  Sapotacese,  Meliacese, 
Euphorbiace®,  Anacardiacese,  Zizyphus,  Guet- 
tarda,  Citharexylon,  Cordia,  Osmanthus,  Ica- 
corea,  Rhamnus,  and  Reynosia.  Many  of  these 
plants  bear  crustaceous  stones  that  pass  imin- 
jured  through  birds  or  are  disgorged  with  their 
vitality  unimpaired  (avivectent),  and  these 
stones  could  undoubtedly  be  carried  long  dis- 
tances over  seas.  Even  soft  seeds,  like  those 
of  many  of  the  LeguminosaB,  are  often  ejected 
uninjured  by  birds  that  have  eaten  them 
greedily.  Birds  also  may  be  killed  while  car- 
rying undigested  seeds.  These  are  by  no 
means  unimportant  factors  in  distribution. 
Clement  Reid,  in  his  discussion  of  the  origin  of 
the  British  flora,  mentions  a  dead  wood  pigeon 
from  whose  crop  beans  were  sprouting,  and 
when  it  is  remembered  what  a  great  number 
of  birds  meet  an  untimely  end  it  is  conceivable 
that  a  single  hmricane  might  readily  be  the 
means  of  introducing  new  forms  from  the 
Antilles  on  the  Wilcox  coast.  Other  Legu- 
minosas,  although  more  rarely,  are  dispersed  by 
ocean  currents,  for  example  the  modem  Entada 
or  snuffbox  seabean.  Cariavalia  obtusifolia  has 
buoyant  pods  and  seeds,  which  retain  their 
vitality  after  prolonged  inmiersion  in  sea 
water,  and  this  may  well  have  been  true  of  the 
Wilcox  species  of  Canavalia  that  so  closely 
resemble  this  modern  form. 
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All  the  storms  moved  from  the  Equator 
northward,  the  main  ocean  currents  had  the 
same  general  direction,  and  the  prevailing 
winds  were  easterly,  so  that  all  these  impor- 
tant factors  combined  to  cause  a  relatively 
rapid  introduction  aitd  spreading  of  forms 
along  the  Wilcox  coasts.  Given  favorable 
chmatic  conditions  many  of  the  forms  need  not 
have  taken  the  time  to  spread  from  Central  or 
South  America  along  continuous  coasts. 

Many  examples  of  the  means  of  dispersal  of 
the  modem  relatives  of  the  Wilcox  species  are 
given  in  the  systematic  part  of  this  paper. 

CORRELATION. 

NOMENCIiATUBE. 

In  the  consideration  of  the  correlations  indi- 
cated by  the  Wilcox  flora  it  is  desirable  that 
the  successive*  stages  of  the  Franco-Belgian 
basin  should  be  adopted  as  the  time  scale. 
These  stages  should  be  universally  adopted  for 
Tertiary  discussions  not  only  because  of  the 
desirability  of  writing  in  terms  of  general  un- 

fv       •      /rk  ♦  iQAn\  /Marine  facie8=Cui8ian. 

Ypresian  (Dumont,  1849) i,.  ..       ^ 

^  ^  '         '  I  Lagoon  facie8=Laonman. 

Sparnacian  (DoUfus,  1880)= Upper  Landenian  (Mayer  Eymar,  1857). 

fThanetian  (Renevier,  1873)=Heer8ian  (Dumont,  1849),  Lower  Landenian  (Mayer  Eymar,  1857). 

IMontian  (Dewalque,  1869)=Paleocene  of  Von  Koenen  and  others  (not  of  Schimper,  1874). 


derstanding  but  because  of  the  early  descrip- 
tion of  the  Tertiary  stages  in  France  and, 
furthermore,  because  of  the  remarkable  alter- 
nation of  fossiliferous  fluviatile,  lacustrine,  ter- 
restrial, and  marine  deposition  in  that  coimtry. 

Western  North  America  affords  an  almost 
complete  succession  of  continental  deposits 
from  the  Cretaceous  to  the  top  of  the  Oligo- 
cene,  and  the  Mississippi  embayment  affords 
an  almost  unparalleled  succession  of  marine 
and  estuary  deposits  from  the  Cretaceous  well 
into  the  Oligocene.  In  the  western  interior 
section,  however,  practically  all  the  described 
fossil  plants  are  from  the  lower  (Fort  Union) 
and  the  middle  (Green  River)  Bk)cene,  but  in 
the  embayment  area  there  are  considerable 
floras  at  numerous  other  Tertiary  horizons. 

As  the  French  nomenclature  is  used  in  the 
comparative  discussions  throughout  the  pres- 
ent work,  it  is  desirable  to  indicate  at  this 
point  the  sense  in  which  its  units  are  employed. 
The  stages  employed  for  the  basal  and  lower 
IJocene  are  the  following: 


Lower  Eocene, 


Basal  Eocene. 


Together  these  stages  correspond  to  the 
Eonummulitic  of  Haug  (1911),  to  the  Suesso- 
nian  of  D'Orbigny,  and  to  the  Paleocene  of 
Schimper  (1874),  but  not  to  the  Paleocene  of 
Von  Koenen,  DoUo,  and  others,  which  is  limited 
to  the  Montian  stage. 


CORRELATION  OF  LOCAL  SECTIONS   WITHIN 

THE   WILCOX  QROUP. 

Before  taking  up  the  question  of  the  relative 
age  of  the  Wilcox  as  compared  with  the  early 
Eocene  of  other  areas,  it  is  desirable  to  indi- 
cate the  relation  of  the  different  fossUiferous 
Wilcox  sections  to  each  other.  This  has  been* 
done  to  a  certain  extent  in  the  discussion  of 
local  sections  on  pages  38-60,  so  that  a  sum- 
mary in  this  place  will  suffice.  The  fossil 
plants  are  much  more  valuable  for  precise  cor- 
relations than  the  invertebrate  faunas  not 
only  because  they  are  so  much  more  abun- 
dant over  so  large  a  portion  of  the  Wilcox  out- 
crop but  also  because  the  life  periods  of  the 
plants  appear  to  have  been  shorter  and  there- 
fore can  be  applied  to  more  minute  stratigraphic 
differentiation  than  the  faunas. 


The  Wilcox  flora,  from  the  intrinsic  evidence 
which  it  furnishes,  as  well  as  from  the  evidence 
of  stratigraphy  in  the  eastern  Gulf  area,  where 
a  nearly  complete  section  is  available  for  study, 
may  be  divided  into  a  lower,  middle,  and  upper 
Wilcox,  corresponding  with  the  hthologic  divi- 
sions proposed  by  Lowe  for  Mississippi,  namely, 
the  Ackerman  formation  (lower  Wilcox),  the 
Holly  Springs  sand  (middle  Wilcox),  and  the 
Grenada  formation  (upper  Wilcox). 

The  flora  of  the  Ackerman  formation  is  the 
most  incomplete  because  of  its  discovery  at 
fewer  outcrops.     It  includes  these  forms: 

Lygodium  binervatiim. 
Asplenium  eolignitica. 
Aeplenium  hurley ensia. 
Chamaedorea  danal. 
Myrica  elseanoldes. 
Dryophyllum  moorii. 
Ficus  pmyearensis. 
Ficus  Bchimperi. 
Ficus  monodon. 
Ficus  occidentalis. 
Pisonia  chlorophylloides. 
Magnolia  Icei. 
Asimina  leiocarpa. 
GinnamGmum  misaissippiensis. 
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Oreodaphne  missiBslppienais. 
Oreodaphne  puryearensis. 
Oreodaphne  obtusifolia. 
Mespilodaphne  eolignitlca. 
Nectandra  laucifolia. 
Nectandra  peeudocoriacea. 
Gleditsiophyllum  hilgardianum. 
Fagara  hurleyensis. 
Zizyphtis  meigsii. 
Rhamnus  marginatus. 
Khamnus  marginatus  apiculatus. 
Dillenites  ovatiis. 
Hyrcia  bentonensb. 
Eugenia  hilgardiana. 
Gombretum  ovalis. 
Terminalia  lesleyana. 
Terminalia  hilgardiana. 
Bumelia  hurleyensb. 
Bumelia  pseudotenax. 
Mimusops  eolignitica. 
Osmanthus  pedatus. 
Oordia  (?)  lowii. 

There  are  thus  36  species  in  the  Ackerman 
formation  as  against  257  in  the  Holly  Springs 
sand  and  111  in  the  Grenada  formation.     Of 
these  36  species  13  do  not  occur  in  the  rest  of 
the  section  and  are  thus  pecuhar  to  the  Acker- 
man  formation  in  this  area;  16  range  upward 
through  the  Holly  Springs  sand  and  7  extend 
to  the"  top  of  the  Grenada  formation.     The 
Ackerman  flora  shows  no  hotanic  characters 
of  collective  interest  apart  from  the  remainder 
of  the  flora,  nor  does  it  show  any  evidence  that 
physical  conditions   differed  materially  from 
what  they  were  in  later  Wilcox  time.    The 
fossiliferous  locaUties  are  few  and  the  only 
important  one,  that  at  Hurleys,  Miss.,  was 
well  up  toward  the  head  of  the  early  Wilcox 
enabayment  and  removed  from  the  httoral  con- 
ditions of  sedimentation,  as  is  shown  by  the 
extensive  development  of  siderite.     The  other 
localities  referred  to  this  epoch  of  the  Wilcox 
are  Raglands  Branch,  Lafayette  County;  Lock- 
hart,  Lauderdale  Coimty ;  Colemans  Mill,  Choc- 
taw'  County;   DeKalb-Herbert  road,  Kemper 
County;  all  in  northeastern  Mississippi. 

The  flora  of  the  HoUy  Springs  sand  includes 
the  following  forms : 

Csenomyces  annulata. 
Osenomyces  cassiae. 
Osenomyces  laiirinea. 
Ceenomyces  m3rrt8B. 
Osenomyces  pestalozzites. 
Osenomyces  sapoto. 
Lycopoditea  (?)  eoligniticus. 
Aneimia  eocenica. 
Asplenium  eolignitica. 
Olyptoetrobus  europseus. 


Taxodium  dubium. 
Taxodiimi  sp. 
Arthrotaxis  (?)  eolignitica. 
Sabalites  grayanns. 
Canna  eocenica. 
JuglanB  berryi. 
Juglans  schimperi. 
Juglans  saffordiana. 
Engelhardtia  ettingshauseni. 
Engelhard  tia  misaiasippienBis. 
Engelhardtia  pnryearensia. 
Paraengelhardtia  eocenica. 
Myrica  elseanoides. 
Dryopbyllum  anomalum. 
Dryophyllum  moorii. 
Dryophyllum  tennesseensis. 
Dryophyllum  puryearensiB. 
Artocarpoidea  wilcoxensia. 
Paeudolmedia  eocenica. 
FicuB  paeudolmediafolia. 
FicuB  puryearenais. 
FicuB  puryearenaia  elongata. 
Ficua  wilcoxensia. 
Ficus  myrtifolina. 
Ficua  achimperi. 
Ficua  vaughani. 
Ficua  paeudocuapidata. 
Ficua  monodon. 
Ficua  cinnamomoides. 
Ficua  denveriana. 
FicuB  paeudopopulua. 
Ficua  planicoatata  maxima. 
Ficua  ap. 

Knightiophyllum  wilcoxianum. 
Palseodendron  americanum. 
Proteoidea  wilcoxenaia. 
Bankaia  aaffordi. 
Banksia  piuyearenaia. 
Bankaia  tenuifolia. 
Ariatolochia  wilcoxiana. 
CocColobia  eolignitica. 
Goccolobia  uviferafolia. 
Piaonia  eolignitica. 
Piaonia  puryearenaia. 
Magnolia  anguatif  olia. 
Magnolia  leei. 

Anona  wilcoxiana. 

Anona  ampla. 

Anona  eolignitica. 

Laurophyllum  juvenalia. 

Laurophylliun  fiorum. 

Laurophyllum  preflorum. 

Cinnamomum  obovatua. 

Cinnamomum  miaaiasippienaia. 

Cinnamomum  oblongatum. 

Cinnamomum  vera. 

Peraea  longipetiolatum. 

Oreodaphne  miaaiaaippienaia. 

Oreodaphne  wilcoxensia. 

Oreodaphne  paeudoguianenaia. 

Oreodaphne  puryearenaia. 

Oreodaphne  obtusifolia. 

Mespilodaphne  pseudoglauca. 

Mespilodaphne  eolignitica. 
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Mespilodaphne  coushatta. 
Mespilodaphne  puryeareneds. 
Nectandra  glenni. 
Nectandra  lancifolia. 
Nectandra  pseudocoriacea. 
Nectandra  lowii. 
Nectandra  puryearenais. 
Nectandra  sp. 
Capparis  eocenica. 
Parrotia  cuneata. 
ClirysobalanuB  eocenica. 
Chrysobalanus  in^equalis. 
Acacia  wilcoxensis. 
Inga  mifiBisBippiensis. 
Inga  puryearenais. 
Pithecolobium  eocenicum. 
Pithecolobium  oxfordenais. 
Mimosites  in^equilateralla. 
Mimoaitea  lanceolatus. 
Mimoaitea  acaciafoliua. 
Mimoaitea  variabilis. 
Cercia  wilcoxiana. 
Casaia  eolignitica. 
Cassia  glenni. 
Casaia  glenni  major. 
Casaia  tennesaeensis. 
Cassia  fayettensis. 
Cassia  puryearenais. 
Cassia  mifwiasippiensis. 
Cassia  wilcoxiana. 
Cassia  marshallenais. 
Cassia  emarginata. 
Csesalpinia  wilcoxiana. 
Ceesalpinites  miasiasippiensis. 
Csesalpinites  aculeatafolia. 
Csesalpinitea  pinsonensis. 
Gleditsiopliyllum  ovatum. 
Gleditaiophyllum  eocenicum. 
Gleditsiophyllum  constrictum. 
Gleditsiophyllimi  fructuosum. 
Gleditsiophyllum  ellipticum. 
Gleditsiophyllum  entadaformia. 
Gleditsiophyllimi  minor. 
Sophora  henryenaia. 
Sophora  wilcoxiana. 
Sophora  palseolobifolia. 
Sophora  mucronata. 
Sophora  repandifolla. 
Sophora  puryearenaia. 
Dalbergia  eocenica. 
Dalbergia  tenneaseensis. 
Dalbergia  wilcoxiana. 
Dalbergia  monospcrmoides. 
Canavalia  eocenica. 
Canavalia  acuminata. 
I^guminoaites  prefoliatus. 
Leguminosites  subovatus  (?). 
Leguminositea  reniformis  (?). 
Fagara  eocenica. 
Fagara  puryearenais. 
Citrophyllum  wilcoxianum. 
Simaruba  eocenica. 
Cedrela  pur>'earensis. 


Cedrela  odoratifolia. 
Cedrela  mississippiensis. 
Cedrela  wilcoxiana. 
Carapa  eolignitica. 
Vantanea  wilcoxiana. 
Banisteria  repandifolia. 
Banisteria  pseudolaurifolia. 
Banisteria  fructiosa. 
Banisteria  wilcoxiana. 
Hirsea  wilcoxiana. 
Crotonophyllum  eocenicum. 
Crotonophyllum  appendiculatum. 
Euphorbiophyllum  fayettensis. 
DrjTJetes  prekeyensis. 
Drypetes  prelateriflora. 
Anacardites  metopifolia. 
Anacardites  falcatus. 
Anacardites  puryearenais. 
Anacardites  serratus. 
Anacardites  minor. 
Anacardites  marshallensis. 
Anacardites  grevilleafolia. 
Metopium  wilcoxianum. 
Heterocalyx  saportana. 
Ilex  eolignitica. 
Ilex  vomitoriafolia. 
Maytenus  puryearensis. 
Celastrus  eolignitica. 
Celastrus  minor. 
Celastrus  bruckmannifolia. 
Celastrus  veatchi. 
Euonymus  splendens. 
Cupanites  eoligniticus. 
Sapindus  pseudaffinis. 
Sapindus  oxfordensis. 
Sapindus  mississippiensis. 
Sapindus  linearifolius. 
Sapindus  formosus. 
Sapindus  eoligniticus. 
Sapindus  knowltoni. 
Dodona^  knowltoni. 
Dodonsea  wilcoxiana. 
Reynosia  prsenuntia. 
Reynosia  wilcoxiana. 
Zizyphus  falcatus. 
Ziz>'phuB  meigsii. 
Paliurus  missiasippiensia. 
Paliurua  pinaonensis. 
Paliurua  anguatus. 
Rhamnua  marginatus. 
Rhamnus  eoligniticus. 
Rhamnus  puryearensis. 
Grewiopsis  tennesseensis. 
Sterculia  puryearensis. 
Sterculiocarpus  sezannelloides. 
Bombacites  formosus. 
Bombacites  wilcoxianus. 
Dillenites  serratus. 
Dillenites  tetracerafolia. 
Calycites  davillaformis. 
Temstroemitea  ovatua. 
Temstrcemitea  lanceolatus. 
Temstroemitea  eoligniticus. 
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Temstroemites  preclaibomenflis. 
Myrcia  vera. 
Myrda  wortheni. 
Myrcia  puryearenais. 
Myrcia  parvifolia. 
Myrcia  bentonensis. 
Galyptranihes  eocenica. 
Eugenia  puryeareimiB. 
Lagimcularia  preracemcsa. 
Combretum  ovalis. 
Combretum  obovalis. 
Combretum  wilcoxenflis. 
Termiualia  lealeyana. 
Terminalia  hilgardiana. 
ConocarpuB  eoligniticus. 
Gombretantliites  eocenica. 
Trapa  wilcoxencds. 
MelajBtomites  americanus. 
Oreopanax  minor. 
Oreopanax  oxfordensis. 
Nyasa  wilcoxiana. 
Nyasa  eolignitica. 
Sideroxylon  ellipticus. 
Sideroxylon  prematichodendron. 
Bumelia  pseudohorrida. 
Bimielia  pseudotenax. 
Bimielia  lanuginosafolia. 
Bumelia  wilcoxiana. 
Mimusops  sieberifolia. 
Mimuflops  eolignitica. 
Diospyros  wilcoxiana. 
Dio8p3nro8  brachysepala. 
Icacorea  prepanicidata. 
Fraxinus  jobnstrupi  (?). 
Fraxinus  wilcoxisLna. 
Oamanthus  pedatus. 
Echitonium  lanceolatum. 
Apoc3mophyllum  tabellarum. 
Apocynophyllum  wilcoxense. 
Cordia  eocenica. 
Citharexylon  eoligniticum. 
Avicennia  eocenica. 
Avicennia  nitidaformis. 
Solanites  saportana. 
£xo6tema  pseudocaribaeum. 
Guettarda  ellipticifolia. 
Psychotria  grandifolia. 
Garpolithus  puryearensis. 
GarpolithuB  prangosoides. 
Garpolithus  henryensis. 
Carpolithus  tennesseensis. 
Garpolithus  dictyolomoides. 
Garpolithus  hyoseritiformis. 
Garpolithus  proteoides. 
An^olithus  arundites. 
Antholithus  marshallensis. 

Of  those  257  species,  193  are  peculiar  to  the 
Holly  Springs  sand,  23  range  upward  from  the 
Ackennan  formation,  and  47  continue  to  the 
top  of  the  Grenada  formation.  The  largeness 
of  the  number  of  species  that  range  to  the  top 
of  the  Grenada  formation  is  explained  by  the 


more  extensive  Holly  Springs  and  Grenada 
floras,  and  also  by  the  fact  that  the  exceedingly 
rich  flora  at  Puryear,  Tenn.,  is  near  the  top  of 
the  beds  of  Holly  Springs  age.  The  plant 
localities  which  fall  in  the  Holly  Springs  epoch 
as  here  delimited  are,  in  Mississippi,  those 
around  Oxford  in  Lafayette  Coimty,  near 
Lamar  in  Benton  County,  and  Holly  Springs 
and  Early  Grove  in  Marshall  County;  in  Ten- 
nessee, at  Puryear  and  Henry  in  Henry  County, 
Pinson  in  Madison  County,  Shandy,  around 
Grand  Junction,  Baughs  Bridge,  and  Lagrange 
in  Hardeman  and  Fayette  coimties;  in  Arkan- 
sas, at  Boydsville  in  Clay  Coimty,  Bolivar 
Creek  in  Poinsett  County,  near  Gainesville  and 
Hardys  Mill  in  Greene  County;  in  Louisiana, 
the  localities  around  Shreveport  in  Caddo 
Parish;  and  in  Texas,  at  Old  Port  Caddo  Land- 
ing in  Harrison  County  which  belongs  at  the 
top  of  the  Holly  Springs  horizon  or  more  prob- 
ably in  the  horizon  of  the  Grenada  formation. 

These  beds  are  not  all  of  exactly  the  same 
age,  but  some  of  them,  for  example,  the  beds 
in  the  very  rich  locaUty  at  Puryear,  are  much 
yoimger  than  the  bulk  of  the  Holly  Springs. 
A  detailed  argument  for  these  correlations  is 
beUeved  to  be  unnecessary.  The  exact  corre- 
lation is  shown  in  the  accompanying  colunmar 
sections  (fig.  10)  and  is  based  on  the  facts  pre- 
sented by  the  local  distribution  of  the  flora 
as  given  in  the  chapter  devoted  to  that  subject 
as  well  as  in  the  table  of  distribution. 

The  Grenada  flora  includes  these  species: 

Csenomyces  pestalozzitee. 
Meniphylloides  ettingshauseni. 
Pteris  pseudopinnseformiB. 
Cupressinoxylon  calli. 
Poacites  sp. 
Cyperites  sp. 

Nipadites  burtini  umbonatus. 
Sabalites  grayanus. 
Ganna  eocenica. 
Phyllites  wilcoxensia. 
Hicoria  antiquorum. 
Juglans  schimperi. 
Engelhard  tia  ettingahauseni. 
M3rrica  wilcoxensis. 
Dryophylluzn  tennesseensis. 
Dryophyllum  puryearensis. 
Planera  crenata  (?). 
Artocarpus  lessigiana. 
Artocarpus  pungens. 
Artocarpus  dubia. 
Ficus  puryearensis. 
Ficus  eolignitica. 
Ficus  monodon. 
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Ficus  harrisiana. 
FicuB  artocarpoides. 
Proteoides  wUcoxensis. 
Banksia  saffordi. 
Banksia  tenuifolia. 
Oinnamomum  postnewberryi. 
Cinnamomum  buchii. 
Persea  longipetiolatum. 
Persea  wilcoxiana. 
Oreodaphne  salinensis. 
Oreodaphne  coushatta. 
Oreodaphne  obtusifolia. 
Mespilodaphne  eolignitica. 
Mespilodaphne  coushatta. 
Nectandra  lancifolia. 
Nectandra  pseudocoriacea. 
Cryptocarya  eoligiiitica. 
Laurmoxyion  branheri. 
Capparls  eocenica. 
ChrysobalanuB  infiequal3B. 
Chrysobalanus  eocenica. 
Inga  mismaaippiensifi. 
Inga  lauiinafoUa. 
Inga  wickliffeneoB. 
Mimosites  variabilis. 
Cassia  glenni. 
Cassia  lowii. 
Cassia  bentonensis. 
Cassia  mississippiensis. 
Caesalpinites  bentonensis. 
Gleditfiiophylltun  eocenicum. 
Sophora  wilcoxiana. 
Sophora  lesquereuxi. 
Dalbergites  ovatns. 
Dalbergites  ellipticifoliuB. 
Leguminosites  wickliffensb. 
Leguminosites  aiachioides. 
Carapa  eolignitica. 
Anacardites  grevilleafolia. 
Anacardltes  metopifolia. 
Metopium  wilcoxianum. 
Ilex  (?)  affinis. 
Ilex  sp. 

Celastrus  tanrinensis. 
CelastruB  veatchi. 
Cupanites  eoligniticns. 
Cupanites  loughridgii. 
Sapindus  oxfordensis. 
Sapindus  bentonensis. 
Sapindus  mississippiensis. 
Sapindus  formosus. 
Sapindus  eoligniticns. 
Sapindus  coushatta. 
Rhamnites  berchemiaformiB. 
Rhamnus  coushatta. 
Khamnus  cleburni. 
Grewiopsis  tennesseensis. 
Sterculia  puryearensis. 
Sterculiocarpus  eocenicus. 
Dillenites  texensis 
Dillenites  tetracerafolia. 
Dillenites  microdentatus. 
Ternstroemites  ovatus. 
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Ternstroemites  lanceolatuB. 
Myrcia  bentonensis. 
Myrcia  grenadeoBiB. 
Eugenia  densinervia. 
Eugenia  grenadensia. 
Terminalia  wilcoxiana. 
Melastomites  americanus. 
Aralia  acerifolia. 
Aralia  notata. 
Aralia  jorgenseni  (?). 
ComuB  studeri. 
Chrysophyllum  ficifolia. 
Bumelia  grenadenaiB. 
Bumelia  americana. 
Mimuaope  miasusippieiisiB. 
Dioepyroe  brachysepala. 
Fraxinus  johnstrupi  ( ?) . 
Apocynophyllum  sapindifolium. 
Apocynophyllum  miasissippiensia. 
Apocynophyllum  conatrictum. 
Citharexylon  eoligniticum. 
Exostema  paeudocaribseum. 
Oalycitea  oatryaformia. 
Carpolithua  grenadenaia. 
Carpolithua  aophoritea. 
Carpolithua  pilocarpoidea. 

Of  these  112  species,  56,  or  exactly  half,  are 
peculiar  to  the  Grenada  formation;  the  other 
half  range  upward  from  the  older  Holly  Springs 
and  Ackerman  formations.    The  localities  of 
Grenada  age  include  none  from  Mississippi,  ex- 
cept Grenada  in  Grenada  County.    In  Tennessee 
the  deposits  at  Somerville  in  Fayette  County 
and  near  Trenton  in  Gibson  Coimty  are  of  this 
age.     In  Kentucky  the  deposits  at  Boaz  in 
Graves  County  and   at  Wickliffe  in  Ballard 
County  are  of  Grenada  age.     In  Arkansas  the 
deposits  at  Benton  and  vicinity  in  Saline  County 
and  at  Malvern  in  Hot  Springs  County  are  be- 
lieved to  be  of  Grenada  age.     In  Louisiana  the 
beds  at  Coushatta  in  Red  River  Parish,  which 
contain  a  large  flora,   and  at  Mansfield  and 
around  Naborton  in  De  Soto  Parish  are  of  this 
age.     In  Texas  the  beds  at  Old  Port  Caddo  Land- 
ing in  Harrison  County  belong  here  or  at  the  top 
of  the  HoUy  Springs  horizon;  the  beds  exposed 
in  the  bluff  on  Sabine  River,  near  Hamilton  in 
Sabine  County,  the  beds  on  Colorado  River  in 
Bastrop  Coimty,  and  on  Calaveras  Creek  in 
Wilson  County,  are  beheved  to  be  of  this  age. 
Figure  10  shows  the  approximate  stratigraphic 
relations  of  these  outcrops. 

RELATION  TO  CBETACEOTTS  FLORAS. 

The  relation  of  the  Midway  and  Wilcox  floras 
to  those  of  the  Lower  Cretaceous  of  Texas  or 
of  the  Potomac  group  of  the  Middle  Atlantic 
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slope  is  so  remote  that  direct  comparisons  are 
impossible.  The  Lower  Cretaceous  flora  be- 
came practically  extinct  before  the  close  of  the 
Upper  Cretaceous,  and  the  abimdant  ferns, 
cycadophytes,  and  to  a  less  extent  the  conifers 
were  replaced  by  the  prenimtial  representa- 
tives of  the  now  dominant  race  of  plants,  the 
Dicotyledonae.  At  the  close  of  the  Upper  Cre- 
taceous or  the  dawn  of  the  Eocene  a  second 
modernization  of  the  floras  of  the  world  prac- 
tically wiped  out  all  the  older  types. 

Very  extensive  Upper  Cretaceous  floras  are 
now  known  from  both  North  America  and 
Em:ope,  as  well  as  from  the  Arctic  regions. 
North  America  is  especially  rich  in  Upper  Cre- 
taceous plants,  several  hundred  species  having 
been  described  from  the  Dakota  sandstone  and 
from  later  Cretaceous  deposits  of  the  interior 
region.  The  Coastal  Plain  from  New  York  to 
Texas  is  rich  in  Upper  Cretaceous  plants,  and  a 
large  flora  has  been  described  by  me  from  beds 
of  this  age  in  the  embayment  area  in  Alabama, 
Mississippi,  Tennessee,  and  Texas.  This  Up- 
per Cretaceous  embayment  flora  includes  about 
150  species,  most  of  which  come  from  the  Tus- 
caloosa formation  of  western  Alabama. 

More  than  40  per  cent  of  the  genera  are  not 
represented  in  the  existing  flora.  The  most 
abimdant  orders  are  the  Ranales,  Coniferales, 
and  Urticales.  The  largest  genus  is  Celastro- 
phyllum.  Of  the  123  species  of  Dicotyledonee 
87  per  cent  are  Choripetal»  and  only  13  per 
cent  Gamopetalse.  The  flora  as  a  whole  indi- 
cates less  tropical  conditions  than  the  early 
Eocene  floras  of  the  embayment  area. 

Not  one  of  these  Upper  Cretaceous  species 
passes* over  into  the  Eocene;  in  fact,  none  of 
the  Wilcox  species  occur  in  the  Cretaceous  of 
this  or  any  other  known  area.*  The  following 
genera  recorded  in  the  Upper  Cretaceous  of 
the  embayment  area  are  not  f oimd  in  the  Mid- 
way (?)  or  Wilcox: 


Abietites. 
Acerates. 
Andromeda. 
Androvettia. 
Aiaucaria. 
Bauhinia. 
Brachyphy  Hum . 
Celas  trophy  Hum . 
Cephalotaxo8X)6rmum . 


Cissites. 
Cladophlebis. 
Cocculus. 
Colutea. 
ComophyUum. 
Ounninghami  tec. 
Gy  cadinocarpus . 
Dammara. 
DennatophylUtes . 


1  A  possible  exception  to  this  statement  Is  Artoearpus  UasiffiatMf 
which  has  been  recorded  from  the  Laramie,  but  which  I  am  not  sore 
came  from  that  horison. 
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Dewalquea. 

DickBonia. 

Doryanthites. 

Dryopterites. 

Eorhamnidium. 

Equisetiun. 

Geinitzla. 

Gleichema. 

Hymenfiea. 

Jungermannites. 

Kalmia. 

Liriodendron. 

Liriodendropflis. 

Malapcenna. 

Manihotites. 

Marattia. 

Menispermites. 

Myislne. 


LOWER  EOCENE  FL0BA8  OF  SOUTHEASTERN   NORTH  AMERICA. 


PalaeocasBia. 

Panax. 

Persoonia. 

Pinus. 

Piperites. 

Platanus. 

Podozamites. 

PopuluB. 

Protodammara. 

Protophyllocladus. 

Pterospemiited. 

Salix. 

Sapotacites. 

Sassafras. 

Sequoia. 

Tricalycites. 

Tumion. 

Widdiingtonites. 


The  most  prominent  of  these  forms  with  re- 
gard to  plant  evolution  are  the  gymnospermous 
genera  Abietites,  Androvettia,  Araucaria, 
Brachyphyllum,  Cephalotaxospermum,  Cun- 
ninghamites,  Cycadinocarpus,  Dammara,  Gei- 
nitzia,  Pinus,  Podozamites,  Protodammara, 
Protophyllocladus,  Sequoia,  Txmiion,  and  Wid- 
dringtonites.  Upper  Cretaceous  genera  which 
were  expected  in  the  Wilcox  but  which  have 
not  been  discovered  are  Bauhinia,  Cocculus, 
Gleichenia,  Hymenaea,  Liriodendropsis,  Marat- 
tia, Myrsine,  Pterospermites,  and  Sassafras. 

The  following  24  genera  recorded  from  the 
Upper  Cretaceous  of  the  embayment  are  ako 
found  in  the  Wilcox:  Cassia,  Cinnamomum, 
Citrophyllum,  Cordia,  Crotonophyllum,  Dios- 
pyros,  Eugenia,  Ficus,  Grewiopsis,  Ilex,  Inga, 
Juglans,  Leguminosites,  Magnolia,  Myrica, 
Nyssa,  Oreodaphne,  PaUurus,  Persea,  Prote- 
oides,  Rhamnus,  Sabalites,  Sapindus,  and  Zizy- 
phus.  It  is  thus  evident  that  one  of  the  strik- 
ing features  of  diflference  between  the  two  floras 
is  the  elimination  of  the  Mesozoic  coniferous 
types  like  Androvettia,  Brachyphyllum,  Cyca- 
dinocarpus,  Dammara,  Geinitzia,  Podozamites, 
Protodammara,  Protophyllocladus,  and  Wid- 
dringtonites,  and  the  withdrawal  from  this 
region,  more  or  less  in  response  to  climatic 
conditions,  of  Araucaria,  Pinus,  Andromeda, 
Liriodendron,  Malapcenna,  Menispermites,  Per- 
soonia, Platanus,  Salix,  and  the  like. 

There  is,  however,  a  wdl-defined  basis  for 
the  statement  that  the  Eocene  floras  were 
modernized,  which  is  furnished  by  the  follow- 
ing 62  Wilcox  genera,  all  but  6  of  which  are 
dicotyledonous  and  of  modem  aspect,  that 
have  not  been  foimd  in  the  Upper  Cretaceous: 


CKnomyces. 

Meniphylloides. 

Glyptoetrobus. 

Taxodium. 

Cham^edorea. 

Canna. 

Hicoria. 

Paraengelhardtia. 

Engelhard  tia. 

Pseudolmedia. 

Palseodendron. 

Knightiophyllum. 

Aristolochia. 

Goccolobis. 

Anona. 

Aflimina. 

Mespilodaphne. 

Cryptocarya. 

Capparifi. 

ChrysobalanuB. 

Pithecolobium. 

Cere  is. 

Gaesalpinia. 

Gleditfliophy  Hum . 

Sophora. 

Canavalia. 

Fagara. 

Simaruba. 

Carapa. 

Cedrela. 

Yantanea. 


Hirsea. 

Banisteria. 

Drjrpetee. 

Metopium. 

Anacardites. 

Heterocalyx. 

Maytenus. 

Gupanites. 

Dodonsea. 

Reynosia. 

Sterculiocarpus. 

Bombacites. 

Dillenites. 

Temstroemites. 

Myrcia. 

Calyptranthes. 

Laguncularia. 

Gombretum. 

Terminalia. 

Conocarpus. 

Melafitomites. 

Icacorea. 

Sideroicylon. 

Ghrysophyllum. 

Mimusopfl. 

Osmanthus. 

Citharexylon. 

Avicennia. 

Solanites. 

Exoetema. 

Guettarda. 


Some  of  these  have  Cretaceous  relatives. 
For  example,  Capparis  is  represented  by  the 
Tuscaloosa  species  of  Capparites,  Conocarpus 
is  represented  in  the  Tuscaloosa  by  Conocar- 
pites,  Sapotacites  represents  Upper  Cretaceous 
Sapotaceae,  and  some  of  the  numerous  Upper 
Cretaceous  species  of  Celastrophyllum  may 
represent  the  Wilcox  genus  Temstroemites. 

It  is  obvious  without  further  discussion  that 
the  Wilcox  flora  is  decidedly  more  modem  than 
not  only  the  Upper  Cretaceous  floras  of  the 
embayment  area  but  even  the  youngest  known 
Upper  Cretaceous  floras  represepted  by  the 
Laramie  flora  of  North  America  and  the  Maes- 
trichtian  flora  of  Europe  and  is  almost  wholly 
unUke  those  floras.  The  flora  of  the  Wilcox  is, 
then,  in  complete  accord  with  the  stratigraphy 
and  paleozoology  in  indicating  that  it  is 
decidedly  post-Mesozoic  and  much  younger 
than  any  known  Upper  Cretaceous  floras. 

RELATION  TO  THE  ICIDWAY  (P)  FLOKA. 

The  Midway  (?)  flora  is  so  small  that  it 
affords  Uttle  basis  for  comparison.  However, 
none  of  its  types  are  Cretaceous  and  30  per 
cent  of  its  small  number  of  species  are  common 
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to  the  Wilcox;  in  addition,  80  per  cent  of  its 
species  are  found  in  the  floras  of  the  Raton  and 
Denver  formations  of  the  Rocky  Mountain 
province.  It  may  therefore  be  considered  to 
be  essentially  the  same  type  of  flora  as  that  of 
the  Wilcox,  one  which,  if  it  could  be  known  in 
its  entirety,  would  be  f oimd  to  contain  a  num- 
ber of  identical  species  and  others  ancestral  to 
those  of  the  Wilcox. 

RELATION  TO  THE  CLAIBOBNE  FLOBA. 

A  large  flora  from  different  horizons  m  the 
Qaibome  group  has  been  more  or  less  fully 
described  in  manuscript,  but  the  only  published 
account  is  that  of  the  small  upper  Claibome 
flora  from  Georgia  described  by  me  in  1914  in 
Professional  Paper  84  of  the  United  States 
Geological  Siu^vey.  Plants  of  lower  Claibome 
age  have  been  collected  by  me  in  Arkansas,  and 
upper  Claibome  plants  are  now  represented  in 
the  collections  from  Georgia,  Alabama,  Missis- 
sippi, Arkansas,  and  Texas. 

The  following  Wilcox  species  have  already 
been   recognized   in   the   Claibome:   Anemia 
eocenica,  Taxodium  dubium,  Oreodaphne  ohtu- 
sifolia,    Sapvndu8    mississippiensis,    Sapindua 
formosus,    Myrcia  herUonensis,  and  Diospyros 
ircLchysepala.    Moreover   there   are    Claibome 
species  which  are  affihated  with  Wilcox  species 
in  the  genera  Ficus,  Coccolobis,  Pisonia,  Engel- 
hardtia,    Cinnamomum,    Persea,    Nectandra, 
Inga,  Csesalpinites,  Sophora,  Celastrus,  Zizy- 
phus,  Temstroemites,   Laguncularia,  Combre- 
tum,  TerminaUa,  Conocarpus,  and  Mimusops. 
Though  only  2  per  cent  of  the  Wilcox  species 
have  been  recognized  in  the  Claibome,  this  figure 
may  be  slightly  increased  when  the  Claibome 
floras  are  finally  pubHshed.     The  community  of 
genera  show  that  the  Claibome  flora  is  similar 
in  its  general  facies  to  that  of  the  Wilcox,  and 
the  very  marked  differences  are  in  the  main  dif- 
ferences in  specific  and  not  in  generic  types. 


COKP ABISON  OF  WILCOX  FLOBA  WITH  OTHBB 
AMEBIC  AN  EOCENE  FLOBAS. 

PURPOSE   OF  THE   COMPARISON. 

A  comparison  of  the  Wilcox  flora  with  other 
American  Eocene  floras  adds  but  httle  to  our 
knowledge  of  the  Wilcox.  At  the  same  time 
it  wiJl  shed  some  light  on  the  age  of  some  of 
these  floras,  as  the  Wilcox  is  very  definitely 
fixed  stratigraphically  and  paleozoologically 
and  since,  as  I  will  show  subsequently,  it  can 


be  very  definitely  correlated  with  the  European 
section.  In  my  table  of  distribution  and  in 
this  discussion  I  have  ignored  the  Lance 
formation  of  the  Rocky  Mountain  and  Great 
Plains  province,  as  the  flora  of  that  forma- 
tion has  never  been  fully  described,  though  it 
is  represented  in  the  Uterature  by  hsts  of 
species  that  indicate  a  flora  much  less  exten- 
sive but  essentially  Fort  Union  in  its  facies. 
Those  who  wish  to  make  comparisons  with 
the  flora  of  the  Lance  are  referred  to  the  pub- 
lications of  F.  H.  Knowlton  on  this  subject. 

FLORA  OF  THE  RATON  FORMATION. 

Willis  T.  Lee  has  proposed  the  name  Raton 
formation  for  a  series  of  coal-bearing  sand- 
stones in  the  Raton  Mesa  country  of  north- 
eastern New  Mexico  and  southeastern  Colo- 
rado (the  Raton  and  Trinidad  coal  fields), 
which  carry  an  abundant  flora,  recently  de- 
scribed in  an  impublished  paper  by  F.  H. 
Knowlton.  The  first  plants  from  the  Raton 
formation  to  be  studied  were  collected  by  Le 
Conte  in  1867  and  submitted  to  Lesquereux,  who 
referred  them  to  the  Eocene.  Hayden  visited 
the  region  in  1869,  and  his  collections  were  like- 
wise studied  by  Lesquereux,  who  pointed  out 
their  affinity  with  the  "Eolignitic"  [Wilcox]  of 
Mississippi,  as  it  was  known  to  him.^  According 
to  Knowlton,^  the  Raton  flora  comprises  148  spe- 
cies, of  which  5  occur  in  the  Laramie  and  about 
40  in  the  Denver  formation .  From  the  floral  rela- 
tions, as  well  as  the  stratigraphic  and  structural 
relations,  Knowlton  and  Lee  conclude  that  the 
Raton  formation  represents  the  southward  con- 
tinuation of  the  Denver  along  the  Rocky  Moun- 
tain front.  The  relation  to  the  Wilcox,  first 
recognized  by  Lesquereux,  is  confirmed  in  the 
recent  studies,  although  the  size  and  coastal 
character  of  the  Wilcox  flora  render  the  aflSnity 
less  prominent  than  it  was  when  comparatively 
few  species  were  known  in  each  area. 

The  following  Wilcox  species  are  represented 
in  the  Raton  flora:  Saixdites  grayanus,  Juglans 
terryi,  Juglans  schimperi,  Engelkardtia  eitinga- 
Jiauseni,  DryophyUum  mooriij  DryophyUum 
tennesseensis,  Ficus  schimperiy  Ficus  monodon, 
Ficus  Tiarrisiana,  Ficus  denveriana,  Ficus  psevr 
dopopulus,     Ficus     pseudolm^diafolia,     Ficus 

»  U.  S.  Oeol.  and  Qeog.  Survey  Terr.  Fifth  Ann.  Rept.,  SuppL,  p.  19, 
1S72. 
>  Knowlton,  F.  H.,  Am.  Jour.  Sci.,  4tb  ser.,  vol.  35,  pp.  526-^530, 1913. 
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neo'pUhuicosUi^^  Ficus  occiderUalis,  Ficus 
artocarpoideSj  Osmanthus  pedatus,  Euonymus 
splevdens,  Leguminosites  anichioides,  Combre- 
turn  ovaiiSf  Magnolia  angustifolia,  Magnolia 
leei,  Cinnamomum  mississippiensis,  Nectandra 
lancifolia,  Zizyphus  meigsii,  ApocynophyUum 
wilcoxensis,  Terminalia  lesleyana,  and  Termi" 
nalia  Jiilgardiana.  Sixteen  of  these  species  are 
peculiar  to  the  two  formations. 

In  addition  to  the  species  common  to  both 
formations  a  number  of  closely  related  forms 
are  foimd  in  each  formation,  the  distinctness 
of  some  of  them  being  a  matter  of  personal 
opinion.  The  following  Wilcox  species  are 
represented  by  closely  allied  forms  in  the 
Raton  formation:  Aneimia  eocenica,  Asplenium 
Jiurleyensis,  Pteris  pseudopinnseformis,  Chamse- 
dorea  danai,  Cannxi  eocenica,  DryopJiyUum 
puryearensis,  Artocarpua  wiJcoxiana,  Cinnor- 
momum  otlongatum,  Cassia  gUnni,  SopTiora 
JienryeasiSf  and  Sapindus  eoligniiicus. 

This  is  an  imposing  array  of  identical  or 
closely  related  forms  and  indicates  that  the 
two  floras  can  not  differ  very  materially  in  age; 
that  is,  that  one  can  not  be  Eocene  and  the 
other  Cretaceous.  The  Wilcox  differs  from  the 
Katon  flora  in  the  large  number  of  Leguminossa 
and  Lauraceffi,  and  in  the  presence  of  many 
genera  whose  representatives  still  live  in  the 
tropical  and  subtropical  regions  of  America. 
The  presence  of  2  Laramie  species  in  the  Raton 
and  the  fact  that  the  commonest  and  not  the 
most  significant  forms  usually  occur  in  re- 
mote areas,  leads  me  to  the  conclusion  that  the 
Wilcox  flora  is  somewhat  yoimger  than  the 
Raton  flora  to  which  it  bears  the  same  rela- 
tion that  it  does  to  the  Midway  ( X)  flora.  This 
conclusion  is  also  influenced  by  the  strati- 
graphic  relations  in  the  embayment  area  and 
the  result  is  that  I  consider  the  Midway  as  in 
whole  or  in  part  synchronous  with  the  Raton. 
I  have  seen  a  large  amount  of  the  Raton  ma- 
terial in  connection  with  my  Wilcox  studies  and 
have  also  visited  the  area  and  feel  entirelv 
justified  in  the  conclusion  that  it  is  of  Eocene 
age  and  slightly  older  than  the  Wilcox. 

FLORA  OF  THE   DENVER   FORMATION. 

Although  fossil  plants  were  discovered  in  the 
Denver  Basin  by  Le  Conte  in  1867,  it  was  not 
imtil  1896  that  the  Arapahoe  and  Denver 
formations  were  shown  to  be  so  strikingly  dis- 
tinct from  the  Laramie  in  structural  relations, 


stratigraphy,  and  fossil  content.*  Although  the 
flora  of  the  Denver  formation  is  large,  it  has 
never  been  adequately  described,  and  the  dif- 
ficulty of  disentangling  the  early  records  is  so 
great  that  no  list  has  ever  been  published.  The 
published  Denver  species  number  98,  according 
to  Knowlton.'  Large  collections  have  been 
made,  and  the  real  Denver  flora  is  undoubtedly 
much  more  extensive,  for  many  new  species 
are  discovered  when  a  flora  receives  mono- 
graphic study. 

The  following  Wilcox  species  are  recorded 
from  the  Denver:  Asplenium  eolignitica,  PUm 
pseudopennxformis,  Taxodium  dubium,  Sdbdites 
grayanuSj  Juglans  scJiimperi,  Artocarpus  lessigi- 
ana,  Artocarpus  pungens,  Ficus  occidentdis, 
Ficus  denveriana,  Ficus  pseudopopulus,  Ficus 
planicostata  latifoliaf  Legundnosites  arachmies^ 
Bhamnus  dehumi,  Aralia  noiaia,  Oinn/amomum 
affine,  and  Comus  studeri.  Eight  of  these  species 
have  not  been  found  in  the  Raton  formation. 

The  following  Wilcox  species  are  repre- 
sented by  closely  allied  forms  in  the  Denver 
flora:  Ficus  monodon,  Ficus  harrisiana,  Ficvs 
planicostata  maximaf  Oinnamomum  mississip- 
piensis,  Persea  hngipetiolatum,  and  Bhamnus 
coushatta. 

According  to  Knowlton,  nearly  half  the  de- 
scribed Denver  species  occur  in  the  Raton  flora, 
and  he  is  emphatically  of  the  opinion  that  the 
two  floras  are  nearly  if  not  exactly  synchronous. 
The  Denver  flora  differs  from  that  of  the  Wilcox 
in  the  individual  abundance  and  specific  dif- 
ferentiation of  Quercus,  Platanus,  and  Populus, 
in  the  large  number  of  ferns,  and  in  the  presence 
of  a  Ginkgo.  The  families  Aceracese,  Capri- 
foliacese,  and  Vitace®,  which  are  present  in  the 
Denver,  are  unknown  in  the  Wilcox. 

What  was  said  regarding  the  Raton  flora  is 
equally  true  of  the  Denver  flora,  that  though 
it  is  somewhat  older  than  the  Wilcox  flora  its 
similarities  to  that  flora,  as  well  as  its  facies  as 
a  whole,  are  sufiicient  to  indicate  its  Eocene 
age. 

THE   FORT   UNION   FLORA. 

The  Fort  Union  formation  has  furnished  a 
very  extensive  flora,  and  although  it  was  long 
confused  with  the  Laramie  both  paleontologists 
and  geologists  are  now  agreed  that  it  is  of 
Eocene  age. 

1  Emmons.  S.  F.,  Cross,  WMitman,  and  Eldridge,  G.  H.,  Geology  of 
the  Denver  Basin  in  Colorado:  U.  S.  Qeol.  Survey  Mon.  27, 1896. 
>  Am.  Jour.  Sci.,  4th  ser.,  vol.  35,  p.  528,  1913. 
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The  following  Wilcox  species  are  found  in  the 
Fort  Union:  Glyptostrobus  europxuSf  Taxodium 
duhium,  Hicoria  antiquorumy  Juglans  scliimperi, 
Ficus  artocarpoides,  Parrotia  cuneata,  Legumino- 
sites  ardchioides,  Cdastrus  taurinensisy  Ter^ 
minalia  hUgardianay  Arcdia  acerifolia,  Arcdia 
notataj  and  Diospyros  brachysepcda.  Seven  of 
these  species  are  not  found  in  the  Raton  or 
Denver  formations,  so  that  there  are  alto- 
gether 41  Wilcox  species,  or  more  than  10  per 
cent  of  the  flora  and  about  half  of  the  Wilcox 
•species  that  have  an  outside  distribution,  which 
occur  in  the  Raton,  Denver,  or  Fort  Union 
formations  of  the  western  interior  region. 
Wilcox  species  which  have  closely  related  forms 
in  the  Fort  Union  are  Ficus  monodon,  Ficus 
pseudopopvluSy  Cinnamomum  mississippiensis, 
Oinnanumium  huchii,  Or^odaphne  cousJiatta, 
Cdastrus  vecUcM,  Euonymus  spleridens,  Sapirin 
dus  pseudqffinis,  Sapivdus  oxfordensis,  Sapindus 
formosus,  Sapindus  eoligniticus,  Rhamnus  eoUg- 
niticuSf  Grewiopsis  tennesseensisy  and  Apocyno- 
phyUum  sapindifolium. 

After  eliminating  duplications  there  are  in 
addition  21  Wilcox  species  which  have  closely 
related  forms  in  the  Raton,  Denver,  or  Fort 
Union  formations.     The  Fort  Union  embraces 
a  great  thickness  of  continental  deposits  which 
extend  from  the  top  of  the  Lance  formation 
upward  to  the  base  of  the  Wasatch,  so  that  it 
obviously  extends  from  a  horizon  near  the  base 
of  the  Eocene  to  the  Wasatch,  which  is  corre- 
lated by  Osbom  *  with  the  Ypresian  of  France. 
It  therefore  follows  that  the  Wilcox  is  in  part 
the   equivalent  of  the  Fort  Union  and   the 
Wasatch.     It  might  have  been  expected  that 
there   would   be   much   more   community   of 
facies  between  two  such  extensive  floras  of  so 
similar  age,  but  this  is  not  the  case.    The  Fort 
Union  flora  abounds  in  hardwood  trees  of  up- 
land type  and  temperate  affinities.     It  grew  in 
a  topographically  varied  region  of  wide  extent 
and  great  inequalities  of  climate,  especially  of 
rainfall,  remote  from  the  sea,  and  it  appears  to 
represent,  in  part  at  least,  a  southward  spread- 
ing of  more  northern  forms. 

FLORA   OF  THE   GREENLAND  TERTIARY. 

More  than  200  species  of  Tertiary  plants 
were  recorded  by  Heer  from  western  Green- 
land. This  very  remarkable  flora  was  de- 
scribed from  material  more  fragmentary  than 
Heer's    figures   would   lead    one    to   suspect. 

1  Osborn,  H.  F.,  U.  8.  Oeol.  Survey  Bull.  361, 1909. 


Heer's  preparation  for  this  great  work  was  his 
long-continued  studies  of  the  Swiss  Miocene 
(Aquitanian  to  Tortonian),  so  that  many  of 
the  Greenland  fragments  naturally  received 
names  of  the  European  Miocene  forms  most 
familiar  to  their  describer.  Many  of  these 
determinations  of  Arctic  plants  are  erroneous, 
and  imtil  the  subject  is  reworked  with  the 
original  material  at  hand  attempted  correla- 
tions are  fruitl^s.  Heer  called  the  Greenland 
flora  Miocene.  Saporta,  and  following  him 
Starkie  Gardner,  pointed  out  its  earher  age. 
It  is  referred  to  the  Eocene  in  the  last  edition 
of  De  Lapparent,  and  Menzel  recently  advances 
the  view  that  it  is  in  pai*t  Eocene  and  in  part 
Aquitanian.  Students  in  general  have  come 
to  assume  that  it  was  Eocene  or  Oligocene,  the 
preponderance  of  opinion  perhaps  favoring  its 
Eocene  age. 

The  following  5  Wilcox  species  occur  in  the 
Greenland  Tertiary:  Olyptostrohus  europseus, 
Taxodium  dubiuniy  Araiia  jorgenseni,  Fraxinus 
johnstrupi,  and  Echitonium  lanceolatum.  Two 
or  three  additional  Wilcox  species  are  repre- 
sented in  Greenland  by  closely  allied  forms.  I 
consider  the  Wilcox  as  older  than  the  Green- 
land  Tertiary,  the  infeerval  being  perhaps 
measurable  by  the  time  it  took  these  forms  to 
reach  Greenland  from  the  embayment  region. 
In  the  embayment  region  the  succeedmg 
Claiborne  floras  are  more  tropical  than  the 
Wilcox  and  those  of  the  Vicksburg  group  (lower 
Oligocene)  mark  the  maximum  of  the  north- 
ward trend  of  equatorial  conditions.  The 
Greenland  Tertiary  flora  was  possibly  contem- 
poraneous with  these  southern  floras,  from  the 
Claiborne  to  the  Vicksburg,  which  show  the 
most  tropical  conditions.  It  would  not  be 
worth  while  to  dwell  on* this  point  were  it  not 
that  in  the  Upper  Cretaceous  the  floras  of  the 
embayment  can  be  traced  without  any  striking 
change  from  Texas  and  Alabama  northward  in 
the  interior  and  along  the  Atlantic  coast  to  the 
same  localities  in  western  Greenland.  The 
difference  in  this  respect  between  the  Upper 
Cretaceous  and  Tertiary  is  still  imexplainable. 

BELATION  TO  EUROPEAN  EOCENE  FLOBAS. 

Though  it  is  not  yet  possible  to  make  exact 
correlations  of  minor  horizons  on  the  two  sides 
of  the  Atlantic  the  increasingly  apparent  syn- 
chroneity  of  the  more  important  diastrophic 
events  lends  support  to  the  theory  that  these 
events  are  due  to  general  and  not  local  factors. 
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It  is  not  now  and  perhaps  never  will  be  ad- 
visable to  part  with  the  terminology  and  con- 
sequent perspective  which  has  orginated  in  the 
historical  development  of  the  Cenozoic  geology 
of  southeastern  North  America.  At  the  same 
time  the  standard  chronologic  units  should  be 
international  and  not  provincial.  In  order, 
therefore,  to  state  the  results  of  my  stucjy  of 
the  American  Tertiary  floras  in  terms  of  general 
understanding,  I  have  attempted  correlations 
with  standard  European  sections,  and  as  the 
Eocene  and  Oligocene  terranes  of  the  Paris 
Basin  were  not  only  the  first  to  be  elucidated 


different  continents  and  by  more  exact  corre- 
lation between  these  remote  regions.  It  is 
obviously  impossible  to  determine  in  which 
areas  certain  types  make  their  first  or  last 
appearance  if  our  chronology  is  inexact.  This 
is  my  main  reason  for  attempting  precise  cor- 
relation with  European  plant-bearing  horizons. 
The  composition,  habitat,  and  environment 
of  the  Tertiary  floras  of  southeastern  North 
America  can  be  worked  out  by  a  careful  study 
of  the  preserved  flora,  but  this  is  after  all  only 
provincial.  Which  are  the  endemic  and  which 
the    exotic    types,    whence    they    came    and 


Figure  ll.— Sketch  map  showing  the  area  of  Wilcox  sedimentation  (solid  black)  and  the  location  of  fossil  floras  with  which  that  of  the  Wllooz 
has  been  compared.  1,  Raton  formation  (Knowlton);  2,  Denver  formation  (Knowltan);  3,  Fort  Union  formation  (Knowlton);  4,  Kenal 
formation  (Hollick);  5,  West  Greenland  (Hocr);  6,  Bolivia  (Engelhardt);  6A,  Chile  (Engelhardt);  eB,  Colombia  and  Ecuador  (&ig?lhardt); 
7,  Southern  England  (Ettingshausen,  Starkie  Gardner);  8,  Paris  Basin  (Watolet,Fritel);  9,GeUnden  (Saporta  and  Marian)  Trieude  I^eval 
(Ifarty);  10,  Provence  (Saporta);  11,  Ha?ring  (Ettingshausen);  12,  Dalmatia  (Ettlngshausen);  13,  Austria  (Ettingshausen);  14,  Bohemia 
(Ettingshausen). 


but  also  because  the  nomenclature  used  is 
highly  philosophic  and  has  already  come  to  be 
widely  accepted  as  the  standard,  I  have  en- 
deavored to  make  close  comparisons  with  the 
French  Stages. 

Most  floral  studies  are  provincial  at  first  and 
many  are  never  further  developed.  However, 
a  great  variety  of  important  and  interesting 
questions  regarding  the  origin,  evolution,  mi- 
gration, and  extinction  of  the  plant  types  of 
the  Tertiary,  which  are  in  reality  the  most 
important  questions  that  a  study  of  Tertiary 
floras  can  solve,  can  only  be  attacked  by  very 
exact  comparisons  between  the  floras  of  the 


whither  they  went,  when  they  originated  and 
when  they  became  extinct — such  questions  can 
only  be  answered  by  the  broader  study  which 
includes  the  known  Tertiary  floras  of  the 
whole  world. 

In  Professional  Paper  84  I  gave  a  brief  ac- 
count of  the  more  important  Eocene  floras  of 
Europe  and  enumerated  the  recorded  species. 
The  present  work  is  so  lengthy  that  it  is  not 
worth  while  to  repeat  these  enumerations. 
The  areas  where  Tertiary  floras  have  been 
found  with  which  the  Wilcox  can  be  compared 
most  profitably  are  shown  on  the  accompany- 
ing sketch  map  of  the  world   (fig.   11).     The 
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whole  of  the  Eastern  Hemisphere  except  Eu- 
rope has  not  yet  furnished  any  comparative 
fossil  material,  so  that  at  least  three-fourths  of 
the  present  land  surface  of  the  earth  must  yield 
its  fossil  plant  material  before  questions  of  ori- 
gin and  migration  can  be  discussed  with  any 
approach  to  finality.  There  are  some  known 
Eocene  floras  in  European  Russia,  and  the  Ter- 
tiary floras  of  Manchuria,  Sakhalin,  and  else- 
where in  eastern  Asia  offer  points  of  compari- 
son with  the  Fort  Union  flora  of  the  interior 
region  of  the  United  States  and  the  Kenai  flora 
of  Alaska.  Engelhardt  has  also  made  known 
some  most  interesting  Tertiary  floras  from 
South  America.  A  discussion  of  North  Amer- 
ican Eocene  floras  needs  a  more  complete 
knowledge  of  the  Eocene  paleobotany  of  Asia 
and  South  America. 

No  richly  fossiliferous  European  plant  horizons 
exactly  equivalent  to  the  Wilcox  have  as  yet 
received  monographic  study.  The  Eocene  of 
the  south  of  Ekigland  is  rich  in  fossil  plants  at 
horizons  that  I  consider  equivalent  to  the  Wil- 
cox, but  comparisons  are  imfortimately  limited 
to  the  long  lists  of  nomina  nuda  published  by 
Ettingshausen,  to  which  I  wiU  have  occasion  to 
refer  in  detail.  It  thus  happens  that  the  ex- 
haustively studied  Sannoisian  floras  of  Pro- 
vence and  the  Tyrol,  so  effectively  mono- 
graphed by  Saporta  and  Ettingshausen  re- 
spectively, although  considerably  younger, 
have  afforded  many  more  elements  for  com- 
parison with  the  Wilcox  than  the  Ek)cene  flora 
of  England. 

The  early  Eocene  of  Europe  (Montian  and 
Thanetian  stages)  includes  small  floras  in 
England,  Belgium,  and  France,  the  most  exten- 
sive being  the  flora  of  the  mames  heersiennes  in 
Belgian  Limburg,  southeast  of  St.  Trond,  on  the 
road  to  Liege,  so  elaborately  described  by  Sa- 
porta and  Marion;  that  of  the  travertines  of 
S^zajine  on  the  shore  of  the  old  lake  of  Rilly 
east  of  Paris,  monographed  by  Saporta;  that 
of  the  Trieu  de  Leva!  in  Belgium  (Hainaut), 
monographed  by  Marty;  and  the  small  scat- 
tered floras  in  the  Thanet  sands  (grfes  de  Ver- 
vins,  etc.)  studied  by  Watelet  and  recently 
revised  by  Fritel  of  the  Paris  Museum.  None 
of  these  floras  are  extensive  enough  for  de- 
tailed comparisons  with  the  Wilcox.  Such 
comparisons  as  are  possible  show  that  the  Wil- 
cox is  yoimger  than  the  Montian  or  the  Thane- 
tian, whose  floras  are  more  similar  to  those  of 


the  early  Eocene  of  the  western  interior  region 
of  the  United  States  and  are  at  least  partly 
represented  in  the  embayment  area  by  the  de- 
posits of  the  Midway  formation.  The  one 
feature  of  noticeable  parallelism  between  these 
early  Eocene  floras  of  Europe  and  that  of  the 
Wilcox  is  the  abundant  and  strikingly  similar 
species  of  Dryophyllum  in  each. 

The  next  succeeding  stage  of  the  European 
section  is  the  Spamacian,  which  contains 
fossil  plants  in  the  "argile  plastique"  and  the 
"lignites  du  Soissonnais'*  of  the  Paris  Basin. 
The  old  work  of  Watelet  has  recently  been 
revised  by  Fritel,  and  though  the  flora  is 
still  'relatively  small  (less  than  150  species) 
it  shows  resemblance  to  the  Wilcox  in  species 
of  Asplenium,  Taxodium  (identical),  Sabalites, 
Ficus,  Laurus,  Cinnamomimi,  Aralia,  and 
Sapotacites.  The  Woolwich  and  Beading 
beds  of  West  Kent,  Surrey,  and  Sussex,  in 
England,  of  this  age,  contain  a  mostly  un- 
described  flora  of  somewhat  more  temperate 
facies  than  that  of  the  Wilcox,  though  it 
affords  comparable  forms  in  the  genera  Lygo- 
dium,  Asplenium,  Ficus,  Laurus,  Aralia,  and 
Sabalites.  I  regard  the  Wilcox  as  partly  the 
equivalent  of  the  Spamacian,  although  the 
evidence  for  this  correlation  can  not  be  con- 
sidered conclusive.  The  succeeding  stage  of 
the  Eiu'opean  section,  the  Ypresian,  yields  an 
extensive  flora.  Though  this  flora  is  not  very 
rich  in  the  grfes  de  Belleu  of  the  Paris  Basin 
(150  species),  it  is  very  representative  in  the 
pyritized  seeds  and  fruits  of  the  London  clay 
on  the  Isle  of  Sheppey  and  in  the  pipe  clay 
of  Alum  Bay  on  the  Isle  of  Wight. 

The  flora  of  the  grfes  de  Belleu  has  com- 
parable species  of  Lygodium,  Sabalites,  Can- 
nophyllites,  Juglans,  Myrica,  Artocarpidium, 
Ficus,  Anona,  Persea,  Laurus,  Dryophyllum, 
Cercis,  Banisteria,  Cinnamomimi,  Sterculia, 
Acacia,  Sapotacites,  Banksia,  Anacardites, 
Apocynophyllum,  Chrysophylliun,  Diospyros, 
MagnoUa,  Grewia,  TerminaUa,  Eugenia,  Gle- 
ditsia,  Csesalpinia,  Entada,  and  Legmninosites. 

Picas  scMmperi  is  much  like  Picas  caspidata 
Watelet,  Oreodaphne  mississippiensis  is  repre- 
sented by  Lauras  attenuaia  Watelet,  Mespi- 
hdaphne  coushatta  by  Persea  regularis  Watelet, 
Cercis  wilcoxiana  by  Cercis  deperdiia  Watelet, 
GleditsiopTiyUumfractuosum  by  Acacia  brongni- 
arti  Watelet,  GleditsiopJiyUum  entadaformis  by 
Entada  dubia  Watelet,  Banisteria  pseadolaurin 
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folw,  by  Banisteria  juglandoides  Watdet,  and 
Bumdia  americana  by  Pisdiia  protogea 
Watelet. 

The  European  flora  most  similar  to  that  of 
the  Wilcox  appears  to  be  that  of  Alum  Bay 
and  the  Isle  of  Sheppey,  although  this  com- 
parison rests  on  the  long  list  of  names  (nearly 
all  nomina  nuda)  representing  Ettingshausen's 
preliminary  studies  of  these  floras  which  were 
never  brought  to  completion.  These  lists  were 
republished  by  me  in  Professional  Paper  84. 

The  Alum  Bay  flora  includes  about  275 
species  in  116  genera  and  63  families  and  com- 
prises 3  thallophytes,  2  ferns,  5  gymnosperms,  6 
monocotyledons,  and  97  dicotyledons.  'It  is 
thus  less  extensive  than  the  Wilcox.  Never- 
theless the  Wilcox  flora  contains  the  following 


(Isle  of  Wight) : 

*          TT   «  WJk..         V«-».«  W        y^tM, 

Anemia. 

Bombacites. 

GlyptoBtrobus. 

Ternfitroemitee. 

Cyperitee. 

Grewiopfdfl. 

Sabalites. 

Sapindus. 

Myrica. 

Gupanites. 

Ficiw. 

Dodonaea. 

Juglans. 

Gedrela. 

Bankaia. 

CelaatruB. 

fTiTiTi^fifi^fntifn , 

Ilex. 

Laurufl. 

Zizyphus. 

Pifionia. 

RhamnuB. 

Aristolochia. 

Eugenia. 

Fraxinus. 

Dalbergia. 

Sapotadtes. 

Legiiminoflites. 

Biimelia. 

Sophora. 

Diospyros. 

Csesalpinia. 

Alalia. 

Camia. 

Comiis. 

Acacia. 

Maf^nolia. 

Mimoeites. 

Anoxia. 

The  following  36  Wilcox  families 

sented  at  Alum  Bay: 

Pinacese. 

Lauraceae. 

Palmar. 

Mimosaceae. 

Juglandaceee. 

Gaesalpiniaceae. 

Myricacse. 

PapilionaceaB. 

Fagacese. 

Meliaceae. 

Moraceae. 

Malplghiaceae. 

Proteacese. 

EuphorbiaceaB. 

Aristolochiaceae. 

Anacardiaceae. 

Nyctaginacese. 

lUcaceae. 

Magnollaceae. 

Gelastraceae. 

Anonaceee. 

SapindaceaR. 

Rhamnaceae. 

Filiaceae. 

Sterculiaceae. 

Bombacaceae. 

Temstroemiaceae. 

Mjrrtaceae. 

Melastomataceae. 


Araliaceae. 

Gomaceae. 

Sapotaceae. 

Ebenaceae. 

Oleaceae. 

Apoc3aiaceae. 

Verbenaceae. 


Not  only  are  these  families  represented  in 
both  floras,  but  the  general  facies  and  that  of 
each  family  are  much  the  same.  Thus  there  are 
42  species  of  Leguminosae  at  Alima  Bay,  and 
the  next  most  abimdant  families  are  the  Mora- 
ceae, Lauraceae,  Sapindaceae,  Myrtaceae,  and 
Gelastraceae,  just  as  in  the  Wilcox  area.  Fur- 
thermore, on  both  sides  of  the  Atlantic  these 
floras  show  identical  climatic  conditions  and 
both  include  a  large  nimiber  of  genera  and 
families  that  contain  allied  species  which  appear 
for  the  first  time.  Many  of  these  forms  are  indi- 
cated in  the  table  of  distribution,  and  through- 
out the  systematic  description  comparisons  are 
constantly  made  with  Ypresian  species. 

Comparisons  are  not  as  easily  made  with  the 
Sheppey  flora,  since  it  consists  entirely  of  fruits 
and  seeds.  Notwithstanding  these  difiiculties 
it  may  be  noted  that  3  Wilcox  species,  the 
most  positively  identified  as  well  as  the  most 
significant  of  which  is  Nipadiies  hurtini  umr 
loruUus,  are  identical  with  Sheppey  forms  and 
still  others  are  closely  allied  to  Sheppey  forms. 
In  addition  the  following  21  Wilcox  genera  are 
represented  in  the  Sheppey  flora:  Cyperites, 
Canna,  Sabalites,  DryophyUum,  Juglans,  Eu- 
phorbiophyllum,  Proteoides,  Laurus,  Nyssa, 
Apocynophyllum,  Solanites,  Sapotacites,  Dio- 
spyros, Magnolia,  Sapindus,  Cupanites,  Eugenia, 
Myrcia,  Legimiinosites,  Mimosites,  and  Car- 
polithus. 

Thus  between  the  Wilcox  flora  and  the  com- 
bined  flora  of  Sheppey  and  Almn  Bay  the 
closest  sort  of  a  parallel  exists. 

In  view  of  the  foregoing  discussion  I  have  no 
hesitation  in  making  the  most  positive  state- 
ment that  the  Wilcox  flora  is  largely  of  Ypre- 
sian age.  This  is  rendered  conclusive  by  the 
exact  agreement  between  the  flora  of  the  over- 
lying Claiborne  group  and  that  of  the  Lutetian 
of  Europe  as  brought  out  in  my  unpublished 
studies  of  the  Claiborne  flora. 
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SYSTEMATIC  DESCRIPTIONS. 

Phylum  THAIXOPHYTA. 

Class  FUNGI. 

Order  PYBENOMYCETBS  (P;. 

GenuB  CiGNOMYCES  Berry,  m  gen.^ 

The  presence  of  spots  of  different  shapes  on 
the  leaves  of  fossil  plants  is  exceedingly 
common,  and  a  very  large  number  of  so-called 
species  of  fossil  leaf-spot  fungi  have  been  de- 
scribed by  Ettingshausen,  Hcer,  Saporta,  and 
others.  These  species  are  referred  for  the  most 
part  to  the  genera  Sphaeria,  Phacidimn,  Do- 
thidia,  Depazea,  Sclerotia,  Hysteria,  Rhytisma, 
Xylomites,  and  the  like.  A  large  list  of  such 
forms  was  published  by  Meschinelli  in  1892.' 
All  these  determinations  are  based  entirely  on 
superficial  similarities  between  the  fossil  and 
some  modem  leaf-spot  fimgus,  of  which  there 
are  thousands  of  species,  most  of  them  dis- 
tinguishable only  by  their  methods  of  repro- 
duction or  the  morphology  of  their  reproduc- 
tive parts. 

The  identification  of  these  fossil  forms  obvi- 
ously rests  on  a  very  insecure  foimdation,  es- 
pecially when  it  is  recalled  that  scale  insects 
and  a  great  variety  of  insect  galls  would  re- 
semble epiphyllous  fungi  when  preserved  on 
impressions  of  fossil  leaves.  Nevertheless  large 
numbers  of  undoubted  fungi  are  preserved  in 
this  manner  and  it  is  the  legitimate  duty  of  the 
paleobotanist  to  describe  and  illustrate  them. 
In  order  to  accomplish  this  work  without  im- 
warranted  definiteness  in  generic  classification! 
I  propose  the  term  Caenomyces  as  a  form  genus 
for  leaf-spot  f imgi  of  Cenozoic  age  whose  precise 
botanic  affinities  can  not  be  determined.  I  do 
not  propose  to  burden  the  literature  with  any 
largo  number  of  new  forms  nor  to  make  any 
new  combinations  by  referring  species  which 
other  authors  have  described  as  Sphseria  and 
the  like  to  this  genus,  but  I  shall  use  the  term 
in  my  own  studies  of  Tertiary  floras  where  well- 
marked  remains  of  this  sort  require  commemo- 
ration either  because  of  especial  geologic  or 
biologic  interest.  Most  such  forms  probably 
represent  the  Ascomycetes.  (See  PI.  CXI,  fig.  6.) 

1  From  mofdc,  recent,  and  /iuk^,  a  fungus. 

I  Meschinelli  A.,  Fungi  fossilis,  in  Saccardo's  Sylloge  fungonxm,  yd. 
10,1882. 


CfiNomrcES  laurinea  Berry,  n.  sp. 

Plate  LXXXVIII,  figure  4. 

Description, — ^Usually  situated  or  most  ex- 
tensively developed  on  or  near  the  vascular 
framework  of  the  leaf  and  comparable  with 
modem  forms  that  cause  leaf  blight  by  their 
interference  with  the  circulation  in  the  leaf. 
This  form  is  abimdant  on  the  leaves  of  Nectan- 
dra  lowii  Berry,  particularly  along  the  midrib, 
where  perithecia  are  represented  by  elliptical, 
more  or  less  confluent  masses  of  discoloration 
about  3  millimeters  in  length  and  1.5  millimeters 
in  width,  evidently  starting  as  small  circular 
spots  which  become  elongated  and  run  together, 
since  they  are  isolated  in  the  upper  part  of  the 
leaf  but  form  a  common  mass  toward  the  base 
of  the  midrib.  This  species  resembles  Depazea 
andromedx  described  by  Saporta  *  on  a  species 
of  Andromeda  from  the  Ligurian  (Sannoisian) 
of  Aix  in  southeastern  France. 

Occurrence. — Holly  Springs  sand,  Oxford 
GuUy,  Lafayette  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

C^NOMYGES  SAPOT^  Berry,  n.  sp. 

Plate  XCIX,  figure  4. 

Description. — The  leaves  of  Sideroxylon  pre- 
mcLstichodendron  Berry  from  Oxford  are  badly 
infested  with  a  leaf  blight,  which  causes  the 
formation  of  irregularly  oval  spots  that  range 
in  size  from  1  millimeter  to  5  millimeters  in 
diameter.  Margins  irregular  and  commonly 
confluent.  Perithecial  masses  thick,  aggre- 
gated in  the  basal  half  of  the  leaf,  especially 
along  the  midrib. 

Occurrence. — Holly  Springs  sand,  Oxford 
GuUy,  Lafayette  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

C-ENOMYCES  PESTALozzrTES  Berry,  n.  sp. 

Plate  IX,  figures  2  and  3. 

Description. — Leaf  spots  circular  or  elliptical 
in  outline,  margins  generally  well  marked,  that 
range  in  size  from  0.25  millimeter  to  6  milli- 
meters, somewhat  thickened  and  showing  con- 

•Saporta,  O.  de,  Demises  adjonctions  k  la  flore  fossile  d'Aix-en- 
Proyence,  pt.  1,  p.  7,  pi.  9,  fig.  12, 1889. 
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centric  surface  markings.  Common  on  both 
the  leaf  stalks  and  rays  of  Sahalites  grayanus 
Lesquereux  and  named  from  its  resemblance  to 
those  species  of  the  existing  genus  Pestalozzia 
De  Not  which  make  their  home  on  the  foliage 
of  members  of  the  palm  family. 

Though  extended  comparisons  with  previ- 
ously described  fossil  forms  which  appear  simi- 
lar is  without  much  value,  attention  may  be 
called  to  the  resemblance  of  the  present  form 
to  Graphiolites  sahaUos  which  infests  Sahalites 
suessionensis  from  the  Sparnacian  of  the  Paris 
Basin.  Fritel,*  its  describer,  compares  it  with 
species  of  the  existing  genus  Graphiola  (Basi- 
diomycetes). 

Occurrence, — HoUy  Springs  sand,  Oxford 
Gully,  Lafayette  County;  Grenada  formation, 
Grenada,  Grenada  Coimty,  Miss,  (collected  by 
E.  W.  Berry). 

Collection, — U.  S.  National  Museum. 

C^NOMYCES  ANNULATA  Bcny,  U.  Sp. 
Plate  XLV,  figure  17b. 

Description. — Perithecia  circular  in  outline, 
1  millimeter  to  5  millimeters  in  diameter,  that 
show  a  central,  somewhat  papillose  portion  sur- 
rounded by  a  double  well-defined  regular  mar- 
gin, on  a  leaf  of  Cassia  emarginata  Berry,  shown 
in  Plate  XLV,  figure  17b.  This  form  is  strik- 
ingly different  in  appearance  from  the  other 
forms  referred  to  Ccenomyces.  Its  regular  cir- 
cular form  and  annulate  margin  serves  to  dis- 
tinguish it  from  Csenomyces  ca^six  Berry,  which 
has  been  found  infesting  this  same  species  of 
Cassia. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  IJ  niiles  west  of  Grand  Junction, 
in  Fayette  Coimty,  Tenn.  (collected  by  E.  W. 
Berry). 

Collection. — U.  S.  National  Museum. 

C-fiNOMYCES    CASSIA    BcHy,    U.    Sp. 

Plate  IX,  figure  1. 

Description. — Perithecia  aggregated,  cir- 
cular in  outUne,  more  or  less  stellate,  thick, 
averaging  1.75  milUmeters  in  diameter.  This 
form  is  foimd  in  abundance  on  the  leaves  of 
Cassia  emarginaia  Berry.  It  has  a  character- 
istic appearance  decidedly  different  from  that 
of  Csenomyces  annulata  Berry,  which  infests 
this  same  species  of  Cassia. 

1  Fritel,  P.  II.,  Soc.  gdol.  France  M6m.  40,  p.  12,  pi.  1,  fig.  12, 1910. 


Occurrence. — ^Lagrange  formation  (in  beds 
of  Wilcox  age),  1^  miles  west  of  Grand  Junc- 
tion, in  Fayette  Coimty,  Tenn.  (collected  by 
L.  C.  Glenn). 

Collection. — U.  S.  National  Museum. 

C-^NOMYCEs  MYRT^  Berry,  n.  sp. 

Plate  XC,  figure  7. 

Description. — Perithecial  masses  which  form 
irregularly  oval  spots  that  have  a  depressed, 
somewhat  granulose  central  area  and  a  narrow 
raised  margin.  Variable  in  outline  and  1  milli- 
meter to  2  miUimeters  in  diameter.  Situated 
on  the  leaves  of  Myrda  hentoncTisis  Berry,  as 
a  rule  away  from  the  midrib  or  larger  veins. 

Occurrence. — HoUy  Springs  sand,  Oxford 
Gully,  Lafayette  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 


Phylum 

Class  LEPIDOFHYTA. 

Order  LYCOPODIALES. 

Fanuly  LYCOPODIACEJE. 

Genus  LYCOPODITES  Brongniart 

Lycopodites?  eoligniticus  Berry,  n.  sp. 

Plate  IX,  figures  4  and  5. 

Description. — Plants  slender  and  elongated, 
probably  pendulous,  dichotomously  branched, 
stems  covered  with  tiny  appressed  pointed 
leaves.  Stems  not  more  than  0.17  millimeter 
in  diameter,  and  leaves  not  over  0.33  milU- 
meter  in  length. 

I  was  at  first  disposed  to  refer  this  unique 
specimen  to  the  form  genus  Muscites,  but  the 
elongated  dichotomous  stem,  combined  with 
appearances  suggestive  of  vascular  plants,  led 
me  to  refer  it  to  the  form  genus  Lycopodites. 
This  conclusion  was  strengthened  by  the  asso- 
ciation of  the  specimen  with  a  fruiting  speci- 
men which  appears  to  belong  to  the  same 
plant.  This  at  first  also  suggests  a  moss,  but 
the  strobilar  part  shows  small  triangular 
markings  suggesting  scales.  The  fruiting  speci- 
men is  about  6  millimeters  in  length,  and  the 
feature  which  I  interpret  as  the  strobilus  is 
about  1.75  milUmeters  in  length  and  is  borne 
on  a  naked  peduncle  about  2.5  millimeters  in 
length,  thus  much  less  elongated  than  most 
Lycopodiales.     The  specimens   are   preserved 
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as  impressions  in  clay  and  fail  to  show  essential 
features,  which  is  unfortunate,  since  nothing 
like  them  has  been  described  in  the  fossil  state 
and  I  know  of  no  existing  species  that  resembles 
them  very  closely. 

Occurrence. — Holly  Springs  sand,  Early 
Grove,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Class  FIIilCES. 

Order  FIIilCALES. 

Family  SCHIZ^ACEJE. 

Genus  ANEIMIA  Swartz. 

Aneimia  eocenica  Berry,  n.  sp. 

Plates  IX,  figure  7;  X,  figure  2;  and  XI,  figures  1  and  2. 

Description. — Frond  character  unknown, 
stipate,  dichotomous  and  bipinnate  or  tripin- 
nate  in  the  closely  allied  species  Aneimia  suh- 
cretdcea  (Saporta)  Gardner  and  Ettingshausen,* 
which  is  a  widely  distributed  and  well-known 
species  that  ranges  from  the  base  of  the  Eocene 
as  high  as  the  Lutetian  and  is  more  abundant 
in  the  later  than  in  the  earlier  horizons.  Pin- 
n8B  ovate-lanceolate,  pinnately  divided  almost 
to  the  rachis  into  lanceolate  lobes.  Lobes 
attached  very  obliquely  by  their  entire  base 
(possibly  those  lower  down  on  the  frond  may 
have  had  a  narrowed  base  and  been  free 
pinnules)  and  more  or  less  confluent,  becoming 
more  and  more  confluent  distad.  Angle  of 
divergence  about  20**  or  less,  becoming  more 
acute  distad.  Lobes  linear-lanceolate,  sharply 
pointed,  with  distant  serrate  teeth,  commonly 
in  pairs;  decurrent,  separated  by  narrow  acute 
sinuses.  Texture  coriaceous.  Stipe  stout,  prom- 
inently winged.  Rachis  slender,  flexuous,  prom- 
inent on  the  lower  surface  of  the  pinnae.  Midrib 
of  the  lobes  (pinnules)  diverges  from  the  rachis 
at  a  very  acute  angle  (between  5**  and  10**) 
and  near  the  lower  decurrent  margin  curves 
outward,  retaining  its  identity  nearly  to  the 
tip  of  the  lobe,  although  becoming  reduced  by 
repeated  branching.  Commencing  at  the  base 
on  the  outer  side  alternate  branches  are  given 
oflF  on  each  side  of  the  midrib  at  a  narrow  angle, 
and  these  are  almost  straight  and  all  branch 
dichotomously.  The  distal  branch  usually 
forks  before  reaching  the  margin,  but  the 
proximal  one  generally  remains  simple.     There 

I  Gardner,  J.  8.,  and  Ettfngshausen,  C.  von,  British  Eocene  flora,  vol. 
1,  pt.  2,  p.  45,  pis.  8  and  9,  ISSO. 


are  five  or  six  of  these  branches  on  each  side  in 
lobes  the  size  of  those  figured.  The  veins  are 
thin  but  distinct  and  all  terminate  in  the 
margin,  one  entering  each  marginal  tooth. 
Marginal  teeth  6  or  8  in  number  on  each 
margin,  commonly  in  pairs  as  shown  in  the 
figure  of  the  enlai^ed  lobe,  somewhat  irregu- 
larly spaced,  in  general  becoming  closer  distad. 
These  teeth  are  distinctly  serrate,  with  the 
points  produced  and  directed  upward,  and  the 
apex  of  the  lobe  is  gradually  narrowed  and 
acuminate. 

This  species  is  closely  allied  to  the  previously 
mentioned  Aneimia  subcreta^ea,  which  was 
described  originally  from  the  Paleocene  of 
France  by  Saporta'  as  Asplenium  subcretaceum. 
Shortly  afterward  Lesquereux  described  what 
subsequently  was  correlated  with  this  same 
species  as  Gymnogramma  haydeni.^  This  spe- 
cies came  from  the  divide  between  Snake 
River  and  Yellowstone  Lake.  The  locality, 
which  has  never  been  rediscovered,  has  com- 
monly been  assumed  to  be  Laramie,  although 
it  may  be  basal  Eocene.  In  1880  Gardner  and 
Ettingshausen,*  by  means  of  abundant  remains 
from  the  Middle  Bagshot  beds  (Lutetian)  of 
the  south  of  England,  were  able  to  associate 
these  occurrences  and  to  prepare  a  full  account 
of  the  species.  The  species  under  discussion, 
though  close  to  this  widespread  lower  and 
middle  Eocene  form,  differs  in  suflSciently 
important  particulars  to  warrant  its  descrip- 
tion as  a  closely  allied  but  distinct  form 
The  lobes  in  Aneimia  eocenica  are  narrower, 
more  ascending  and  acuminate,  and  not 
abruptly  and  more  or  less  obtusely  pointed  as 
in  Lesquereux's  material,  and  the  venation  is 
much  more  open  than  in  his  forms.  Though 
some  of  the  English  material  has  as  slender 
lobes,  all  the  foreign  material  as  well  as  the 
western  material  has  crenate  or  dentate  teeth 
passing  gradually  into  rounded  distal  lobes. 
In  Aneimia  eocenica,  on  the  other  hand,  the 
lobes  preserve  their  character  distad  and  all 
have  distinctly  serrate  teeth,  more  or  less  pro- 
duced upward  and  usually  double. 

Gardner,  in  the  course  of  his  work  on  the 
English  material,  submitted  either  specimens 

Saporta,  G.  de,  Prodrome  d'une  flore  fossile  des  travertins  andens  de 
Suzanne:  Soc.  gfol.  France  M<^m.,  2d  ser.,  vol.  8,  p.  315,  pi.  23,  flg.  4, 1K68. 

» Lesquereux,  Leo,  U.  8.  Geol.  and  Geog.  Survey  Ann.  Rept.,  1871,  p. 
295, 1872;  The  Tertiary  flora,  p.  59,  pi.  5,  flgs.  1-3, 1878  (not  The  Cretaceous 
and  Tertiary  floras,  p.  122,  pL  19,  flg.  2, 1883,  which  is  a  Pteris). 

<  Op.  cit.,  p.  45. 
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or  plates  to  Saporta,  Heer,  Stur,  and  Lesque- 
reux,  and  the  first  and  last  authors  both 
agreed  that  their  material  from  France  and 
America,  respectively,  was  identical  with  the 
English  material.  These  students  did  not 
agree,  however,  on  Gardner's  reference  to 
Aneimia,  Saporta  mclining  toward  a  new  genus 
allied  to  Todea  and  Stur  suggesting  Osmunda. 
Heer  also  opposed  Aneimia,  and  Lesquereux 
thought  that  his  material  was  more  closely 
alhed  to  Gymnogramma  tartarea  Desvaux  of 
tropical  America. 

Aneimia  eocenica,  though  distinct,  is  very 
similar  to  a  new  species  of  Aneimia  described 
by  Knowlton  (unpublished)  from  the  Raton 
formation  of  the  southern  Rocky  Mountain 
province.  Knowlton' s  species,  which  comes 
from  a  horizon  slightly  older  than  the  Wilcox, 
has  relatively  narrower  and  greatly  elongated 
lobes  with  prominent  pointed  teeth,  which  do 
not  occur  in  pairs. 

Among  antecedent  forms  from  the  Upper 
Cretaceous  that  may  be  compared  with  the 
present  species  are  Asplenium  dicksonianum 
Heer  ^  and  Dicksonia  grcsrilandica  Heer  ^  both 
of  which  are  present  in  the  Tuscaloosa  forma- 
tion of  Alabama  and  are  more  or  less  common 
in  the  Coastal  Plain,  ranging  northward  to 
western  Greenlani  Their  reference  to  Asple- 
nium and  Dicksonia  is  not  at  all  justified  by 
the  evidence. 

Though  most  of  the  existing  species  of 
Aneimia  are  rather  different  in  appearance, 
the  subgenus  Aneimiorrhiza  J.  Smith,  espe- 
ciallv  the  exclusivelv  American  section  Cu- 
neatae  Prantl,  including  Aneimia  cicutaria 
Kuntze,  Aneimia  cuneata  Kuntze,  and  Anei- 
mia adiandfolia  Swartz  of  the  American  Trop- 
ics, is  very  much  like  these  two  fossil  species, 
Gardner  having  first  pointed  out  the  resem- 
blance between  A.  subcreiacea  and  A.  adianti- 
folia,  which  is  found  as  far  northward  as 
southern  peninsular  Florida  and  is  referred  by 
Underwood  to  the  genus  Omithopteria  Bem- 
hardi.  Aneimia  eocenica  is  present  in  the 
upper  Claiborne  deposits  of  the  Texas  coastal 
plain. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox   age),   Puryear,   Henry  County,  Tenn. 

>  Heer,  Oswald,  Flora  fossilis  arctica,  vol.  3,  pt.  2,  p.  31.  pi.  1,  flj;s.  1-5, 
1874. 

« See  under  Aneimii  gtricta  in '  Jewberry,  J.  S.,  U.S.  Geol.  Survey  Mon. 
26,  p.  38,  pi.  3,  figs.  1,  2, 1896. 


(collected  by  E.  W.  Berry):  Wilcox  group,  4 
miles  southwest  of  Boydsville,  Clay  County, 
Ark.  (collected  by  E.  W.  Berry).  One  and  one- 
half  miles  northeast  of  Mansfield,  De  Soto  Par- 
ish, La.  (collected  by  G.  C,  Matson  and  O.  B. 
Hopkins)*. 

Collections. — U.  S.  National  Museum. 

Genus  LYGODIUM  Swartz. 
Lygodium   binekvatum    (Lesquereux)    Berry. 

Plate  X,  figures  3-8. 

Salisburia    hinervata.    Lesquereux,    Am.     Philos.     Soc. 

Trans.,  vol.  13,  p.  412,  pi.  15,  figs.  3-6,  1869. 
Ginkgo  hinervata.    Knowlton,  U.  S.  Geol.  Survey  Bull. 

152,  p.  110,  1898. 

Description, — ^This  species  was  described  by 
Lesquereux  on  the  basis  of  fragmentary  speci- 
mens that  were  coUocted  by  Hilgard  from  the 
red  shales  of  Benton  County,  Miss.,  which  at 
that  time  was  included  in  the  western  part  of 
Tippah  County.  The  type  specimens  in  the 
Hilgard  collection  do  not  conform  to  Les- 
quereux's  figures,  which  either  must  be  very 
inaccurate  or  else  are  based  on  still  other 
fragmentary  specimens  of  this  species  which 
have  since  been  lost. 

Lesquereux's  description,  which  he  wrote 
with  the  idea  that  he  was  dealing  with  the 
foliage  of  a  gymnosperm  allied  to  the  existing 
Ginkgo,  is  very  misleading,  and  the  species  may 
be  recharacterized  in  tbe  following  terms: 
Pinnules  large  and  stout,  equilateral  and  usuaUy 
bilobate;  some  individuals  may  have  had  a 
subsidiary  and  relatively  small  basal  lateral 
lobe  on  each  side.  Lobes  elliptical  in  outline, 
their  margins  undulate  or  indented  by  shallow 
broad  crenations.  The  lobes  are  broadly 
rounded  at  the  apex  and  diverge  at  angles  of 
about  90°.  The  base  is  not  preserved,  but 
from  the  venation  in  this  region  it  must  have 
been  truncately  rounded  or  more  or  less  cordate. 
The  texture  was  somewhat  coriaceous.  Vena- 
tion characteristic  of  Lygodium.  Two  prima- 
ries diverge  at  the  base  of  the  pinnule  at  an 
angle  of  about  35°;  they  are  stout  and  curve 
outward,  become  much  thinner  distad,  and  are 
eventually  lost  by  repeated  branching.  The 
branches  diverge  at  acute  angles  and  are 
much  ciu*ved  outward,  forking  dichotomously 
several  times  and  terminating  at  the  margins. 
The  lobes  are  broad,  1.5  to  3  centimeters  in 
width,  generally  nearer  the  larger  dimension. 
They  are  relatively  short,  the  free  limb  being 
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only  4  to  5  centimeters  in  length.  The  central 
sinus  which  separates  the  two  principal  lobes 
is  angular  or  rounded.  It  is  relatively  shallow 
and  is  3  to  4.5  centimeters  distant  from  the 
base  of  the  pinnule. 

This  robust  form  is  clearly  referable  to 
Lygodiimi,  and  it  is  as  clearly  distinguished 
from  known  forms  by  the  large,  broad,  bluntly 
rounded,  and  not  elongated  lobes,  as  a  rule 
but  two  in  number.  Incomplete  material, 
which  appears  to  be  assignable  to  this  species 
but  which  can  not  be  identified  with  certainty, 
is  associated  with  an  upper  Wilcox  flora  in 
western  Louisiana. 

The  present  species  may  be  distinguished 
from  Lygodium  Jcavlfusii  Heer,  which  occurs 
in  the  upper  Claiborne,  by  its  more  robust 
form,  stouter,  somewhat  more  open  and  less 
numerously  forked  veins,  and  by  its  two  short 
and  wide  lobes. 

A  visit  to  Hilgard's  classic  locality  resulted 
in  the  collection  of  abundant  fruiting  material 
of  this  species,  thus  confirming  the  transfer  of 
the  foliage  from  Ginkgo  to  Lygodium.  The 
fertile  pinnae  are  of  the'  palmatum  type  and 
form  a  terminal  panicle,  but  the  lamina  is 
much  more  reduced.  Each  group  of  sporangia 
is  pedunculate  and  is  elongated  and  nanowly 
lanceolate  in  outline.  The  sporangia  are 
solitary  and  sessile  and  are  borne  on  alternate 
veins  that  branch  from  the  flexuous  midrib. 
There  are  30  to  35  sporangia  in  each  spike. 
Two  of  the  most  complete  panicles  are  figured. 
The  spikes  are  well  preserved,  and  the  fossiliza- 
tion  is  by  ferruginous  replacement.  Some 
specimens  show  the  single  ovate  sporangium 
beneath  the  scalelike  indusium. 

Occurrence. — ^Ackerman  formation,  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  Hilgard, 
E.  N.  Lowe,  and  E.  W.  Berry).  Deposits  of 
Wilcox  age,  sees.  22  and  28,  T.  13  N.,  R.  12 
W.,  Dc  Soto  Parish,  La.  (collected  by  E.  G. 
Woodruff  and  G.  C.  Matson). 

Collections, — ^U.  S.  National  Museum;  State 
University,  Oxford,  Miss. 

Family  POLYPODIACEJE. 
Genus  MENIPHYLLOIDES  Berry,  n.  gen. 

Ferns  with  simple  pinnate  fronds,  the  fronds 
or  pinnae  ligulate,  entire.  The  venation  is  of 
the  Drynaria  composita  type,  but  differs  from 


previously  known  fossil  or  recent  genera  of  this 
type  in  lacking  free  venules.  The  general 
characters  of  the  genus  are  those  of  the  type 
and  only  known  species . 

Meniphylloides  ettingshauseni  Berry,  n.  sp. 

Plate  XT,  figures  4-7. 

'  Description. — Fronds,  or  pinnae  of  a  pinnate 
frond,  simple,  entire;  lanceolate  in  general  out- 
line; about  15  to  20  centimeters  in  length  and 
2  to  3  centimeters  in  maximiun  width,  which  is 
midway  between  the  apex  and  the  base.  From 
the  region  of  greatest  width  the  lamina  nar- 
rows about  equally  distad  and  proximad  to 
the  extended  acuminate  tip  and  the  narrowly 
decurrent  base.  Texture  subcoriaceous.  Mar- 
gins entire  for  a  short  distance  proximad, 
above  this  point  beset  with  somewhat  ir- 
regularly spaced,  generally  close,  fine,  up- 
wardly directed,  serrate  teeth.  Midrib  fibrous, 
very  broad  and  rather  flat,  generally  curved, 
becoming  attenuated  distad.  Laterals  thin, 
closely  spaced  and  parallel,  about  0.67  milli- 
meter apart;  they  diverge  from  the  midrib  at 
angles  of  about  60°,  become  somewhat  more 
ascending  in  both  apex  and  base,  and  run  in  a 
slightly  flexuous  but  generally  straight  course 
to  the  margins,  where  their  ends  are  joined  by  a 
well-marked  marginal  vein.  The  venules  di- 
verge from  both  sides  of  the  laterals  at  acute 
angles  and  anastomose  in  a  somewhat  irregular 
manner  to  form  obliquely  elongated  areolse. 
No  free  veinlets  occur  within  the  meshes. 

The  venation  of  this  species  differs  from  that 
of  any  fossil  or  recent  forms  known  to  the 
writer.  It  is  closest  to  the  form  from  the 
English  Eocene  (Middle  Bagshot  =  Lutetian) 
described  by  Ettingshausen  and  Gardner  as 
MeniphyUum  elegans,^  but  differs  in  its  serrated 
margin  and  in  lacking  free  veinlets  within  the 
meshes.  It  is  not  unlike  a  number  of  existing 
netted-veined  Polypodiacero,  but  differs  in  the 
irregular  character  of  the  areolation  and  the 
absence  of  free  endings,  thus  combining  vena- 
tion characters  of  recent  species  of  Acrostichimi 
and  Meniscium.  It  is  represented  by  consid- 
erable more  or  less  broken  material  and  is 
named  in  honor  of  the  late  Baron  Ettingshau- 
sen, who  did  so  much  in  the  elucidation  and 
methods  of  study  of  Tertiary  floras. 

1  Gardner,  J.  S.,  and  Ettingshausen,  C.  Yon,  British  Eocene  flora, 
vol.  1,  p.  36,  pi.  3,  figs.  10-14, 1879. 
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This  species  seems  clearly  to  be  dryopteroid, 
and  among  the  more  than  1,000  existing  species 
referred  to  the  genus  Dryopteris  in  Christen- 
sen's  recent  monographic  work^  it  suggests  the 
subgenera  (often  and  probably  more  properly 
considered  as  genera)  Lastrea  Bory,  Goniop- 
teris  Presl,  and  Meniscium  Schreber,  which 
together  include  more  than  300  of  existing  and 
variable  species.  The  venation  of  several  of 
these  modern  forms  is  exceedingly  variable,  as 
may  be  seen  by  examining  the  recent  species  of 
Goniopteris  and  Meniscium.  In  my  manu- 
script of  the  flora  of  the  Claiborne  group  I  have 
described  a  splendidly  preserved  new  species 
of  Goniopteris,  which  I  regard  as  undoubtedly 
of  generic  rank,  and  this  species  well  illustrates 
the  great  variation  in  the  venation  of  these 
members  of  the  tribe  Dryopteride®  (Aspideae). 
The  genus  Meniscium  is  confined  to  the  Amer- 
can  Tropics,  and  some  of  its  forms  (Meniscium 
reticulatum  Swartz,  for  example),  have  pinnse 
like  the  fossil.  Though  the  venation  in  Menis- 
cium is  commonly  variable,  the  tertiaries  di- 
verge from  the  secondaries,  which  are  more 
widely  spaced,  at  more  regular  intervals,  and 
the  ultimate  venules,  which  result  regularly 
from  the  jimction  of  two  tertiaries  midway  in 
their  course,  end  free.  The  secondaries  are 
closer,  there  is  a  marginal  vein,  and  no  free 
venules  have  been  observed  in  the  fossil.  The 
figures  of  MeniphyUum  given  by  Gardner  ^  and 
Ettingshausen  should  be  consulted  for  critical 
comparison  with  Meniphylloides,  and  what 
these  authors  say  about  MeniphyUum  may  be 
amended  to  include  Meniphylloides,  namely, 
that  in  the  combination  of  a  marginal  and 
netted  venation  these  genera  present  a  special 
type  of  venation  which  has  never  been  ob- 
served in  recent  forms.  Dr.  W.  R.  Maxon, 
who  has  seen  drawings  of  the  Meniphylloides, 
confirms  this  statement.  He  has  suggested  that 
the  pecuUar  intramarginal  veinlet  may  be  an 
impression  resulting  from  a  revolute  callous 
margin,  and  this  possibility  should  not  be  lost 
sight  of,  although  the  considerable  amount  of 
fiiaterial,  which  is  preserved  in  very  fine  clay, 
does  not  confirm  this  suggestion,  and  it  is  also 
rendered  improbable  by  the  well-preserved 
toothed  margin. 

iChrlstensen,  C,  On  a  natural  classification  of  the  species  of  Dryop- 
teris: Saertryk  af  Biologiske  Arbeijdner  Tilegnede  Eug.  Warming,  pp. 
73-85, 1911. 

*  Op.  cit.,  pi.  3,  figs.  10-14. 


A  species  of  Meniscium  has  been  described 
by  Engelhardt'  from  the  Tertiary  of  Colombia. 

Occurrence, — Wilcox  group,  Old  Port  Caddo 
Landing,  Little  Cypress  Bayou,  Harrison 
County,  Tex.  (collected  by  T.  W.  Vaughan); 
4  J  and  5  miles  southeast  of  Naborton,  De  Soto 
Parish,  La.  (collected  by  O.  B.  Hopkins). 
Grenada  formation,  Grenada,  Grenada  County, 
Miss,  (collected  by  E.  N.  Lowe  and  E.  W. 
Berry). 

Collections. — U.  S.  National  Museum. 

Genus  ASPLENIUM  Linn^. 
AsPLENiuM  EOLiGNiTicA  Bcny,  n.  sp. 

Plate  XI,  figure  3. 

Gymnogramma  haydenii.  Leequereux,  The  Cretaceous  and 
Tertiar>'  floras,  p.  122,  pi.  19,  fig.  2,  1883.  (Not 
the  same  as  the  type  of  Gymnogramma  haydenii 
Lesquereux,  The  Tertiary  flora,  p.  59,  pi.  6, 
figs.  1-3,  1878,  which  was  subsequently  referred  to 
the  genus  Aneimia.) 

Description. — Pinnse  very  large,  linear-lance- 
olate in  outline.  Margins  strongly  serrate- 
toothed,  the  teeth  irregular  in  size  and  spacing 
but  very  different  from  the  shallow  dentate 
teeth  of  Pteris  pseudopinnseformis.  Texture 
coriaceous.  Midrib  stout.  Laterals  diverge 
from  the  midrib  at  acute  angles  of  about  40® 
and  are  thin,  subparallel,  and  rather  more 
curved  and  more  closely  spaced  than  in  the 
associated  Pteris  pseudopinnseformis  Lesque- 
reux. They  are  immersed  in  the  thick  leaf 
substance,  are  rarely  simple,  fork  (many  of 
them  several  times),  and  terminate  in  the  mar- 
gins. Length  of  pinnae  about  20  centimeters. 
Maximum  width,  in  middle  part,  3.5  centi- 
meters. 

This  species  may  be  identical  with  Pteris 
pseudopinnarformisy  although  it  appears  dis- 
tinct. It  is  larger  and  more  coriaceous,  the 
laterals  are  closer  and  more  commonly  forked, 
with  different  and  much  more  prominent  teeth. 
The  form  figured  in  1883  by  Lesquereux  from 
Golden,  Colo.,  as  Gymnogramma  Jtaydenii  ap- 
pears to  me  to  be  quite  distinct  from  the 
earlier  material  Lesquereux  described  imder 
that  name,  and  to  be  identical  with  this  species. 
This  adds  another  element  common  to  the 
early  Eocene  of  the  Gulf  and  Rocky  Mountain 
areas. 

*  Engelhardt,  H.,  Senckenbergische  naturf.  Grsell.  Abh.,  vol.  19, 
p.  38,  pi.  3,  figs.  12-17,  1895. 
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A  foreign  form  from  the  Spamacian  of  the 
Paris  Basin  and  scarcely  if  at  all  distinguishable 
from  Asplenium  eolignitica  is  described  in  a 
recent  work  by  Fritel  ^  as  Asplenium  issyacense. 
He  compares  it  with  the  existing  Asplenium 
serra  Langsdorf  and  Fischer,  Asplenium  nitens 
Swartz,  and  Asplenium^  rrvacrophyUum.  The 
first  is  a  form  common  to  the  Tropics  of  America 
and  Africa.  The  second  is  from  the  Mascarenes, 
and  the  third  has  a  wide  range  from  Ceylon 
through  Malaysia  and  Polynesia.  The  genus 
Asplenium,  as  conceived  in  current  systematic 
works  devoted  to  the  FiUcales,  is  of  very  wide 
geographic  distribution,  and  contains  between 
300  and  400  existing  species,  some  of  which,  in 
addition  to  those  mentioned  above,  are  very 
close  to  this  fossil  form  in  appearance. 

Occurrence. — ^^Vckerman  formation,  hill  along 
the  DeKalb-Herbert  road,  Kemper  Coimty, 
Miss,  (collected  by  E.  W.  Hilgard);  Wilcox 
group,  Hardys  Mill  near  Gainesville,  Greene 
County,  Ark.  (collected  by  J.  C.  Branner) ;  and 
Old  Port  Caddo  Landing,  Little  Cypress  Bayou, 
Harrison  County,  Tex.  (collected  by  T.  W. 
Vaughan). 

Collections, — ^U.  S.  National  Museum. 

Asplenium  hurleyensis  Berry,  n.  sp. 

Plate  X,  figure  1. 

Description. — Fronds  pinnate.  Pinnae  elon- 
gate-falcate-lanceolate, gradually  tapering  to 
acuminate  tips.  Base  obscure.  Length  of 
pinnse  about  7  centimeters.  Maximum  width 
about  1  centimeter.  Margins  finely  serrate. 
Midrib  stout,  curved.  Laterals  thin  and 
diverge  from  the  midrib  at  acute  angles,  exud- 
ing almost  immediately  outward,  so  that  their 
general  course  is  straight  at  angles  of  about 
60**  with  the  midrib.  The  laterals  fork  once 
at  an  acute  angle  and  run  directly  to  the  mar- 
gins.     Texture  seems  to  have  been  coriaceous. 

This  fine  species  is  imfortimately  represented 
by  the  single  incomplete  specimen  figured, 
which  is  hardly  sufficient  for  a  complete  de- 
scription. It  is,  however,  clearly  unUke  pre- 
viously described  fossil  forms,  although  it 
shows  more  or  less  resemblance  to  several  fos- 
sils commonly  referred  to  the  genus  Pteris. 
Although  not  conclusively  shown,  it  seems 
probable  that  it  represents  a  species  of  Asple- 
nium.    It  is  very  close  to  an  undescribecl  form 

» Prltd,  P.  H.,  8oc.  g«4ol.  France  lifim.  40,  p.  16,  pi.  1,  flps.  1-4, 1910. 


from  the  Raton  coal  field  in  New  Mexico,  if 
not  identical  with  it. 

Occurrence. — ^Ackerman  formation,  Hmrleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  N.  Lowe). 

Collection. — ^U.  S.  National  Museum. 

Genus  PTERIS  Linn«. 
Ptekis  pseudopinn^formis  Lesquereux. 

Plate  IX,  figure  6. 

Pteris  pinnxfomiis.  Lesquereux  (not  Ileer),  U.  S.  Geol. 
and  Goog.  Survey  Terr.  Ann.  Kept  for  1870,  p. 
384,  1871;  idem  for  1871,  p.  283.  1872. 

Newberry  (not  Heer),  U.  S.  Geol.  Survey  Mon.  35, 
p.  7,  pi.  48,  fig.  5,  1898. 
Pteris  pseudopinnxfonnis,    Lesquereux,  The  Tertiary  flora, 
p.  52,  pi.  4,  figs.  3,  4,  1878. 

llollick,  in  Harris,  G.  D.,  and  Veatch,  A.  C,  A  pre- 
liminary report  on  the  geolog>'  of  Louisiana,  p.  279, 
pi.  32,  fig.  1,  1899. 

Knowlton,  U.  S.  Geol.  Survey  Bull.  204,  p.  22,  1902. 

Description. — ^Pinnae  large,  linear-lanceolate 
in  outline,  gradually  narrowed  both  proximad 
and  distad.  Margins  entire  below,  usually 
to  or  above  the  middle;  above  with  obtusely 
dentate  teeth.  Texture  subooriaceous.  Mid- 
rib stout,  more  or  less  flexuous,  grooved.  Latr 
erals  diverge  from  the  midrib  at  acute  angles 
between  35°  and  40®.  They  are  thin,  sub- 
parallel,  straight,  closely  and  regularly  spac^, 
and  simple  or  once-forked  dichotomously. 
Kachis  stout,  alate. 

This  species,  originally  referred  by  both  Les- 
quereux and  Newberry  to  Heer^s  European 
Miocene  species  Pteris  pinnseformis,  is  similar 
to  that  form  in  a  general  way  but  is  entirely 
distinct.  It  is  generally  represented  by  frag- 
ments of  pinnsB,  the  most  complete  specimen 
being  the  one  figured  by  HolUck  from  Louisiana 
and  refiguied  in  this  paper.  This  specimen  is 
somewhat  larger  than  the  western  material, 
the  largest  pinna  being  about  20  centimeters 
in  length  and  nearly  3  centimeters  in  max\ift>i^ 
width  in  the  middle  part. 

The  species  has  a  wide  range,  having  been 
recorded  from  the  Denver  formation  at  G-oUlon, 
Colo.,  and  the  upper  Eocene  of  Currant  Creek, 
Oreg.  (lower  part  of  Qamo  formation) .  It  r<^ 
sembles  somewhat  Asplenium  eolignitica^  Berry 
of  the  Wilcox  flora,  which  is  larger,  m^^ 
coriaceous,  and  has  closei,  more  numerously 
forked  laterals  and  prominent  serrate  miirgin*^ 
teeth.  It  is  represented  by  a  related  form  ^^ 
the  flora  of  the  Raton  formation  of  the  southern 
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Rocky  Moimtain  province.  Its  reference  to 
the  genus  Pteris  is  entirely  problematic  and 
in  the  present  work  is  made  entirely  in  con- 
fonnity  with  previous  usage  and  not  based  on 
personal  conviction.  Its  resemblance  to  the 
associated  species  Asplenium  eolignitica  and  to 
certain  modern  tropical  aspleniums  leads  me 
to  think  it  may  really  be  referable  to  Aspleniimi. 

It  appears  to  have  an  imcommon  element  in 
the  Wilcox  flora. 

Occurrence. — Wilcox  group,  Vineyard  Bluff, 
Cross  Bayou,  Caddo  Parish,  La.  (collected  by 
A.  C.  Veatch) ;  2f  miles  southeast  of  Naborton, 
IJ  miles  northeast  of  Mansfield,  De  Soto  Par- 
ish, La.  (collected  by  G.  C.  Matson  and  O.  B. 
Hopkins)  ;Grenadaformation,  Grenada,  Grenada 
Coimty,  Miss,  (collected  by  E.  N.  Lowe  and  E. 
W.  Berry). 

Collections. — ^U.  S.  National  Museum;  New 
York  Botanical  Garden. 

Phylum  SPEBMATOPHYTA. 

Claas  GYMNOSPEBM2E. 

Order  CYC  AD  ALES. 

Family  CYCADACEJE. 
Genus  ZAMIA  Liiui^. 

Zamia  ( ?)  wiLcoxENSis  Berry,  n.  sp. 

Plate  CXIV,  figure  2. 

Description. — Pinnule  of  medium  size,  lance- 
,  olate  in  general  outline,  abruptly  narrowed 
proximad  to  a  constricted  base,  which  is  about 
5  millimeters  in  width.  The  distal  half  of  the 
pinnule  is  missing.  Estimated  length  about  7 
or  8  centimeters.  Maximum  width,  in  the  mid- 
dle part  of  the  length,  about  1.4  centimeters. 
Margins  entire,  slightly  revolute.  Texture  co- 
riaceous. Venation  consists  of  about  twenty 
longitudinal,  subparallel,  thin  but  well-marked 
veins,  slightly  reduced  in  number  proximad, 
where  some  join  their  fellows  in  dichotomous 
forks. 

The  material  is  most  unsatisfactory  for  the 
characterization  of  a  new  form,  but  though  it 
can  not  be  given  a  proper  diagnosis,  it  is  most 
clearly  new  to  science  and  unlike  anything 
heretofore  known  in  the  Wilcox  flora,  so  that 
I  prefer  to  give  it  a  name  and  trust  to  the 
future  to  furnish  more  complete  material. 
When  compared  with  the  foliage  of  the  two 
existing  species  of  Zamia  found  in  the  Florida 
region,  the  fossil  agrees  very  closely  with  Zamia 


pumila  Linn6  of  the  east  coast  hammocks. 
Detailed  comparisons  with  this  or  the  other 
existing  species  of  Zamia  are  obviously  with- 
out much  value  in  the  absence  of  complete 
material. 

Since  Zamia-like  fohage  is  so  common  and 
widespread  in  the  Mesozoic  and  more  than  30 
species  still  exist  in  tropical  and  subtropical 
America,  two  of  which  are  common  along  the  east 
coast  of  the  Florida  Peninsula,  it  was  expected 
that  this  or  some  aUied  genus  of  cycads  would 
be  foimd  at  some  point  along  the  Tertiary  Gulf 
coast  of  southeastern  North  America.  Not- 
withstanding the  probability  of  their  occur- 
rence, they  are  thus  far  represented  by  the 
single  imperfect  specimen  described  and  its 
coimterpart. 

The  rarity  of  Tertiary  species  of  cycads  is 
responsible  for  the  unusual  interest  excited  by 
their  occurrence.  Their  cosmopoUtanism  in 
the  Mesozoic  seems  to  have  ended  almost 
abruptly.  France,  Switzerland,  and  Greece 
have  furnished  Jertiary  species,  and  Engel- 
hard t^  has  described  a  Zamia  from  the  early 
Tertiary  of  South  America  which  is  much  hke 
this  fragment  of  a  Wilcox  species. 

Occurrence. — Wilcox  group,  4i  miles  south- 
east of  Naborton,  De  Soto  Parish,  La.  (col- 
lected by  O.  B.  Hopkins). 

Collection. — U.  S.  National  Museum. 
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Glyptostrobus   europ^us  (Brongniart) 

Hcor. 

Plate  XV,  figure  3. 

Taxodium  europaeiim.    Brongiiiart,  Annalea  sci.  nat.,  vol. 
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berger's  Ueberjicht  der  Versteinerungen  des  Gross- 
herzogthums  Baden,  p.  73,  1851. 
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Palabin,  Russ.   k.   mineral.   Gesell.  Verh.,  2d  ser., 
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Glyptostrobus  bilinicus.    Ettingshausen,  Die  fossile  Flora 

dee  Tertigr-Beckens  von  Bllin,  Theil  1,  p.  39,  pi. 

11,  figs.  1,  2, 10, 1866. 
Sequoia    Nordenshioldi.    Lesquereux   (not  Heer),  L^.  S. 

Nat.  Mus.  Proc.,  vol.  11,  p.  19,  1888. 

Description. — ^Twigs  slender,  bearing  dimor- 
phic foliage.  One  form  carries  short  thick 
appressed  leaves,  the  other  acute  spreading 
slender  leaves.  Male  catkins  ovate,  single, 
sessile  on  lateral  shoots;  scales  few.  Cones 
ovate,  relatively  large;  scales  narrow,  imbri- 
cated, cuneate  at  the  base,  summits  expanded, 
semicircular,  with  obtusely  dentate  margins, 
the  dorsum  more  or  less  longitudinally  costate; 
seeds  inequilateral,  winged. 

Glyptostrobus  europseus  is  one  of  the  most 
interesting  Tertiary  plants.  It  was  discovered 
nearly  a  century  ago  by  Brongniart  and  has 
been  identified  from  many  horizons  in  Europe, 
Asia,  and  America.  That  it  was  a  cosmopoli- 
tan type  can  not  be  doubted,  for  the  present 
distribution  of  the  Taxodiese  is  in  itself  a  sufl5- 
cient  indication  of  this.  I  have  given  above  a 
partial  synonymy,  which  must  be  used  with 
caution,  since  it  is  very  probable  that  several 
closely  related  species  are  inextricably  tangled 
in  it,  but  the  problem  can  not  be  satisfactorily 
settled  without  actual  specimens  from,  a  very 
large  niunber  of  localities. 
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In  North.  America  this  species  is  recorded 
from  the  basal  Eocene  to  the  Pliocene  and  from 
the  present  recorded  occurrence  in  Mississippi 
northwestward  through  the  Rocky  Mountain 
region,  on  the  Pacific  coast,  and  along  the  shore 
of  the  Arctic,  at  the  mouth  of  Mackenzie  River, 
and  also  in  Greenland.  It  is  certainly  not 
abimdant  in  the  Wilcox  and  is  very  sparsely 
represented  by  the  typical  terete  twigs  with 
appressed  leaves  and  by  seeds.  No  cones  have 
been  found  in  association  with' it  hi  the  Wilcox 
and  it  is  possible  that  this  occurrence  may 
represent  the  twigs  of  the  same  small  tree  repre- 
sented by  cone  scales  ia  Tennessee  that  I  have 
referred  to  Arthrotaxis,  which  has  foliage  that 
is  very  similar  to  that  of  Glyptostrobus.  Since, 
however,  the  foUage  can  not  be  differentiated 
from  the  abimdant  remains  of  Glyptostrobus 
found  elsewhere  in  America  and  Europe,  where 
the  fruiting  characters  are  known,  I  have  identi- 
fied it  as  Glyptostrobus.  Glyptostrobus  con- 
tains, only  two  existing  species,  G.  penduhis 
Endlicher  and  G.  JieterophyUus  Endlicher, 
which  are  small  trees  known  as  water  pines, 
inhabitants  of  the  low  river  bottoms  of  certain 
parts  of  China. 

A  multitude  of  small,  irregularly  fusiform, 
inequilateral  winged  seeds  are  distributed 
through  the  clays  at  Early  Grove,  Miss.  They 
are  about  5  milUmeters  long  and  1.5  millimeters 
in  maximum  width  and  have  a  curved  oblique 
nucleus  near  the  broad  end.  They  are  not  espe- 
cially well  preserved,  being  ferruginous  replace- 
ments, but  they  are  clearly  of  organic  origin 
and  except  for  their  slightly  smaller  size  are  in 
exact  agreement  with  the  seeds  from  the  OU- 
gocene  of  Schonegg  in  Styria  referred  by  Et- 
tingshausen  ^  to  this  species.  Similar  but  still 
larger  remains  occur  in  the  Swiss  Tertiary, 
which  Heer  *  describes  as  seeds  of  Pterosper- 
mites  but  which  Ettiagshausen  is  confident  are 
also  seeds  of  Glyptostrobus. 

Occurrence. — HoUy  Springs  sand;  twigs  from 
ravine  at  Oxford,  Lafayette  County,  Miss.;  and 
seeds  from  Early  Grove,  Marshall  Coimty, 
Miss,  (collected  by  E.  W.  Berry). 

Collection, — U.  S.  National  Museum. 
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Survey  Terr.  Ann.  Rept.  for  1873,  p.  372,  1874. 
Taxodium   distichum.    Von    Gellhom,    K.    preuss.    geol. 

Landesanstalt  Jahrb.  fiir  1893  Abh.,  p.  3,  pi.  1,  fig.  1. 
Rein,  Naturh.  Verein  preuss.  Rheinlande  und  West- 

falens  Sitzungsber.  1907,  pp.  37,  38,  1908. 
Fliegel,  Blatt  Frechen,  Gradabt.  66,  No.  3,  p.  17, 1909. 
Keilhack  and  Schmierer,  Blatt  Senftenberg,  Gradabt. 

59,  No.  29,  p.  13,  1909. 
Fritel,  Cong.  Soc.  sav.  Compt.   rend.,  1908,   p.  316, 

1909. 

Description. — Heer's  description  in  1855  is  as 
follows: 

T.    ramis    perennil)us    foliis    squama  formibus    tectis, 
ramulis  caducis  filiformibus,  foliis  approximatis  distanti- 


bus,  alt^mis,  distichis,  1  reviter  petiolatis,  .lineari-lanceo- 
latis,  plan  is,  uninerviis. 

Remains  of  foliage,  cone  scales,  seeds,  stami- 
nate  catkins  and  wood,  which  have  been  re- 
ferred to  this  species,  characterize  the  Tertiary 
of  Eurasia  and  North  America.  The  records 
embrace  innumerable  localities  and  horizons, 
from  the  island  of  Sakhalin  westward  to 
France  and  Spitzbergen;  from  Grinnell  Land, 
Alaska,  and  Greenland  southward  to  Wyoming 
and  Virginia.  The  European  records  extend 
from  the  Spamacian  to  the  close  of  the  Pliocene 
and  the  American  records  from  the  Lance  for- 
mation (Eocene  ?)  to  the  Calvert  formation  of 
the  Chesapeake  Miocene. 

It  is  quite  possible  that  more  than  one 
botanic  species  is  represented  by  this  host  of 
records,  and  the  impracticabihty  of  separating 
some  of  them  from  the  existing  bald  cypress, 
Taxodium  distichum  Richard,  as  well  as  a  con- 
siderable range  of  variation,  lends  weight  to 
this  conclusion.  However,  no  satisfactory 
constant  characters  for  a  segregation  are  ob- 
servable, and  the  conclusion  is  inevitable  that  a 
single  or  closely  related  series  of  forms,  very 
much  like  the  modem  bald  cypress  in  characters 
and  habit,  extended  widely  over  the  northern 
hemisphere  during  the  Tertiary  period. 

In  general  the  deciduous  twigs  are  larger  than 
in  Taxodium  distichum^  and  the  leaves  are 
longer,  broader,  and  more  lanceolate.  There 
is,  however,  considerable  variation  even  on  a 
smgle  twig.  Thus,  the  larger  specimen  figured 
from  Pinson  shows  some  elliptical  leaves  hke 
those  of  Taxodium  ocddentale  Newberry.* 
They  may  be  distinguished  from  the  contem- 
poraneous Sequoia  langsdorfii  (Brongniart) 
Heer,^  an  equally  widespread  form  with  which 
they  are  hable  to  be  confused,  owing  to  the 
fact  that  their  leaves  are  narrowed  to  a  petiole 
at  the  base  and  are  not  decurrent. 

The  abundant  preservation  of  the  twigs 
strongly  reminds  the  collector  of  the  occurrence 
of  the  twigs  of  the  modern  species  in  the  Pleis- 
tocene deposits  of  our  Southern  States  or  the 
appearance  of  the  estuaries  and  bayous  after  a 
windstorm,  when  the  surface  of  the  water  is 
thickly  strewn  with  the  floating  twigs  and  in 

»  NewlKTry,  J.  S.,  U.  8.  Geol.  Survey  Mon.  35,  p.  23,  pi.  25,  figs.  1-2, 
1898. 

2  Heer,  Oswald,  Flora  tertlaria  Hclvetise,  vol.  1,  p.  54,  pi.  20,Ag.2; 
pi.  21,  fig.  4,  1855. 
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places  the  estuary  shores  are  strewn  with 
windrows  chiefly  of  the  detached  leaves. 
These  deciduous  twigs  are  also  a  considerable 
element  in  the  formation  of  peat  in  the  South 
Atlantic  and  Gulf  States.  Every  consideration 
of  distribution  and  character  indicates  that 
Tttxodium  dubium  was  much  hke  Taxodium 
distichum  in  appearance,  structure,  and  habit. 
The  similar  deciduous  foliage,  fructification 
characters,  and  wood  anatomy  show  that  it 
required  much  the  same  environment  as  its 
closely  related  descendant.  The  species  foimd 
with  it  and  the  lack  of  terrigenous  materials  in 
the  sediments  where  it  is  commonest,  as  in  the 
diatomaceous  beds  of  our  east  coast  Miocene, 
indicate  that  it  dwelt  in  swamps  and  was  pre- 
eminently a  coastal  species. 

It  has  been  found  only  at  the  one  locality 
in  the  Wilcox  and  it  is  not  especially  common. 
It  is  also  much  macerated,  which  indicates 
probably  a  riverside  swamp  habitat,  somewhat 
removed  from  the  coastal  zone.  The  absence 
of  the  cypress  at  the  numerous  other  Wilcox 
localities  is  positive  proof  that  the  species  was 
not  abundant  in  the  embayment  area  during 
the  Eocene.  Conditions  of  topography,  rain- 
fall, and  humidity  were  especially  favorable  for 
its  extensive  development  at  this  time,  and  the 
question  arises.  Why  was  it  largely  absent  ?  It 
is  beUeved  that  the  only  answer  to  this  question 
is  that  the  temperature  was  too  high  for  its  op- 
timum conditions  of  existence.  It  was  likewise 
absent  during  the  more  torrid  periods  of  the 
Eocene  in  Europe,  as  for  example  the  Lutetian 
of  the  Paris  Basin  and  the  south  of  England, 
and  at  about  this  time  it  was  common  in 
far  northern  areas — ^Alaska,  Grinnell  Land, 
Greenland,  and  Spitzbergen.  This  is  in  con- 
formity with  all  the  paleobotanic  and  paleo- 
zoologic  facts  derived  from  a  study  of  our 
southern  earlier  Tertiary,  which  indicate  an 
advance  of  tropical  climate  northward  over 
many  degrees  of  latitude,  pushing  warm  tem- 
perate conditions  northward  well  beyond  the 
Arctic  Circle. 

A  single  doubtful  fragment  of  what  appears 
to  be  a  twig  of  this  species  has  been  found  in 
the  lower  part  of  the  Claiborne  group  (St. 
Maurice  formation)  of  Arkansas.  From  the 
Spamacian  of  the  Paris  Basin  Fritel*  has 
figured  specimens  of  the  dimorphic  Sequoia 
toumali  (Brongniart)  Saporta,  which  in  their 

1  Fiitel,  P.  TI.,  Soc.  g^l.  France  M^m.  40,  pi.  2,  figs.  2-12, 1910. 


general  aspeot  and  variation  of  the  broad- 
leafed  forms,  strongly  suggest  Tdxodium 
dubium.  It  may  be  significant  that  the  reduced 
foUage  associated  with  the  cones  is  more 
Sequoia-like  than  the  broad-leafed  twigs. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Pinson,  Madison  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Taxodium  sp. 

Plate  XV,  figure  9. 

Description. — An  unmistakable  seed  of  a 
species  of  Taxodium  occurs  in  the  plastio  olays 
of  Wilcox  age  west  of  Grand  Jimotion.  It  is 
rather  larger  than  the  average  seed  of  the 
existing  Taxodium  distichum,  measuring  1.25 
centimeters  in  length  by  9.5  millimeters  in 
maximum  width.  In  its  irregular  form  it  is 
not  distinguishable  from  recent  seeds  of  mem- 
bers of  this  genus  and  it  is  probably  a  seed  of 
the  same  species  that  is  represented  by  foliage 
in  the  deposits  near  Pinson. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wiloox  age),  1^  miles  west  of  Grand  Junction, 
in  Fayette  County,  Tenn.  (collected  by  E.  W. 
Berry). 

Collection. — U.  S.  National  Museiun. 

Subfamily  TAXODIEJE. 
Genus  ARTHROTAXIS  Don. 

Abthbotaxis  (?)  EOLiGNiTiCA  Berry,  n.  sp. 

Plate  XV,  figures  1  and  2. 

Description. — Cone  scale  smaU,  rhomboidal 
in  cross  section,  ligneous,  with  a  roimded  keel 
or  lower  (morphologically  dorsal)  angle,  and  a 
thick  base,  expanding  regularly  outward  to 
the  enlarged  truncate  tip.  Lateral  outlines 
straight.  Costate;  ribs  well  shown  in  the  fig- 
ured specimens.  Length  about  1  centimeter  or 
slightly  less.  Diameter  at  the  base  about  2 
millimeters,  across  the  expanded  apex  about  6 
millimeters;  wider  than  high  and  flattened  on 
upper  (ventral)  side,  indicating  that  the  scales 
were  ascending  and  slightly  imbricated. 

These  well-marked  cone  scales  are  not  un- 
common in  the  clays  at  Puryear,  Tenn.  They 
do  not  suggest  any  of  the  modem  conifers  that 
bear  deciduous  scales,  but  on  the  other  hand 
they  strongly  suggest  certain  Cretaceous  coni- 
fers such  as  Geinitzia,  Sphenolepis,  and  Arthro- 
taxopsis,  all  of  which  I  have  recently  handled 
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in  large  numbers.  They  may  be  compared 
with  the  oone  scales  of  the  existing  genus 
Arthrotaxis  more  satisfactorily  than  with  any 
other  conifers.  They  do  not  on  the  other 
hand  offer  any  satisfactory  points  of  contact 
with  the  genera  Glyptostrobus  or  Taxodium, 
which  are  represented  by  foUage  in  the  Wilcox 
flora.  In  fact  these  cone  scales,  in  the  absence 
of  fruits  of  the  foregoing  genera,  suggest  that 
possibly  the  foUage  identified  as  Glyptostrobus 
may  be  that  of  Arthrotaxis. 

The  modem  species  of  Arthrotaxis  are  rela- 
tively small  trees  of  mesophytic  habitat,  aUied 
to  Sequoia,  but  confined  entirely  to  Tasmania. 

But  few  fossil  species  have  been  recognized. 
Gardner  ^  describes  foliage  and  cones  from  the 
Ypresian  of  the  Isle  of  Sheppey  as  Arthrotaxis 
suhvlata.  The  cones  are  dightly  smaller  but 
comparable  with  the  present  species.  The 
same  author  furnished  good  evidence  '  for  con- 
sidering certain  remains  from  the  Bartonian 
and  Ligurian  of  southern  England  which  were 
formerly  referred  to  Sequoia  couttsise  Heer  to  be 
more  closely  related  to  Arthrotaxis.  These 
specimens  also  are  similar  to  the  Wilcox  form. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Pur3^ear,*  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Genus  CUPRESSINOXYLON  Goppert. 

CUPRESSINOXYLON    CALLI   Knowlton. 
Plate  XVI,  figures  1-5. 

Cupressinoxylon  Calli.  Knowlton,  Geol.  Sun'ey  Ann. 
Rept.  Arkansas  for  1889,  vol.  2,  p.  254,  pi.  9,  figs. 
3-7,  1891. 

Description. — ^This  species  was  based  on  col- 
lections from  a  silicified  stem  standing  erect  in 
place  in  a  bluish  clay.  The  species  shows  a 
distinct  seasonal  nng,  1  millimeter  to  3.5  milli- 
meters broad,  marked  by  a  series  of  reduced, 
very  much  thickened  tracheids,  6  to  15  or  more 
in  number.  The  tracheids  show  two  or  three 
close  rows  of  bordered  pits  on  their  radial  walls, 
0.012  miUimeter  in  diameter.  MeduUary  rays 
numerous,  separated  by  two  to  four  rows  of 
tracheids,  thin  walled,  uniseriate,  and  from  2  to 
25  (average,  6  to  15)  cells  high.  Some  of  the 
tracheids  show  pits  on  their  lateral  walls,  of 

>  Gardner,  J.  S.,  British  Eocene  flora,  vol.  2,  p.  43,  1KS3;  pi.  ll,flps. 
2-14, 1SS4. 

«Idem,  p.  90,  pi.  6,  figs.  1-9;  pi.  10,  njrs-  r»-9;  pi.  22,  fig.  10:  pi.  27,  flps. 
4,  4a,  1884. 


which  there  are  usually  3  in  the  thickness  of 
each  tracheid.  Resin  tubes  consist  of  a  chain 
of  short  rectangtdar  cells.' 

This  species  is  unquestionably  from  deposits 
now  referred  to  the  Wilcox  and  is  unique  in 
having  been  found  erect  at  its  place  of  growth. 

Occurrence. — Wilcox  group,  5i  miles  north- 
west of  Gainesville,  Greene  Countjr,  Ark.  (col- 
lected by  R.  E.  Call). 

Collection. — U.  S.  National  Museum. 

Class  ANGIOSFERHiB. 

Subdaas  MONOCOTYLBDONJB. 

Order  GBAMINALBS. 

Family  POACEJE. 

Genus  POACITES  Brongnlart. 

PoACiTEs  sp.  HoUick. 

Poacites  gp.  Hollick,  in  Harris,  G.  D.,  and  Veatch,  A.  C, 
A  preliminary  report  on  the  geology  of  Louisiana, 
p.  279,  pi.  32,  fig.  2,  1899. 

Description.  —  Indefinite  fragmentary  re- 
mains of  the  foliage  of  some  monocotyledon, 
thought  to  be  a  grass  by  Hollick  and  described 
as  Poacites  sp.  He  compared  it  with  the  Euro- 
pean Tertiary  species  Poacites  laevis  Alexander 
Braun  and  Poacites  jirmus  Heer. 

I  have  collected  numerous  similar  fragmen- 
tary specimens  of  foliage  of  grasses  or  sedges, 
but  none  more  complete  than  HoUick's  mate- 
rial. I  have  decided  that  they  are  too  indefinite 
for  specific  description,  and  thus  are  of  no 
stratigraphic  value.  I  have  therefore  ignored 
them  entirely,  except  this  and  the  following 
so-called  species,  which  are  in  the  literature. 

Occurrence. — Wilcox  group,  Slaughter  Pen 
Bluff  on  Cross  Bayou,  Caddo  Parish,  La. 
(collected  by  G.  D.  Harris). 

Collection. — New  York  Botanical  Garden. 

Family  CYPEBACE2B. 
Genus  CYPERITES  Heer. 

Cyperftes  sp.  Hollick. 

Cyperites  sp.  Hollick,  in  Harris,  G.  D.,  and  Veatch, 
A.  C,  A  preliminary  report  on  the  geology  of  Loui- 
Biana,  p.  279,  pi.  32,  figs.  3,  4,  1899. 

Description. — Like  the  preceding  species  this 
is  based  on  fragments  of  monocotyledonous 
foUage  which  are  considered  by  Hollick  to  be 

3  Description  based  on  Knowlton's  work.  The  specimens  of  wood 
collected  during  my  study  of  the  Wiloox  were  not  sectioned  in  time  for 
the  results  to  be  included  in  this  volume.  They  will  form  the  basis  for 
a  subsequent  special  contribution. 
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referable  to  the  genus  Cyperites,  although  he 
remarks  that  they  might  equally  well  be  con- 
sidered as  fragments  of  palm  rays. 

I  have  found  similar  specimens  at  different 
localities,  but  they  are  so  incomplete  that  they 
have  neither  biologic  nor  geologic  value.  Any 
unprofitable  discussion  of  them  is  therefore 
omitted. 

Occurrence. — Wilcox  group,  Slaughter  Pen 
Bluff  on  Cross  Bayou,  Caddo  Parish,  La.  (col- 
lected by  G.  D.  Harris). 

CoUedion. — New  York  Botanical  Garden. 

Order  ABAIVES. 

Family  ABACEJE. 

Genus  PISTIA  Liiiii6. 

PiSTiA  wiLCOXENSis  Berry,  n.  sp. 

Plate  CXIII,  figure  4. 

Description. — ^Leaves  elliptical  in  outline, 
with  a  broadly  rounded  or  shghtly  truncated 
apex  and  a  broadly  rounded  base.  Petiole 
missing.  Length  about  4.25  cubic  centimeters. 
Maximum  width,  in  the  median  region,  about 
3.6  cubic  centimeters.  Margins  entire.  Tex- 
ture of  considerable  consistency.  Venation  en- 
tirely of  a  single  caliber,  fasciculate-flabellate, 
forming  by  repeated  and  somewhat  irregular 
cross  branches  an  open  polygonal  mesh. 

This  species  is  based  on  the  single  specimen 
figured  and  its  counterpart.  It  is  unquestion- 
ably referable  to  Pistia  and  is  strictly  com- 
parable with  the  still  existing  forms  of  that 
genus.  It  is  clearly  distinct  from  previously 
described  fossil  forms  of  Pistia,  although  in  size 
and  venation  it  is  much  hke  Pistia  corrugata 
described  by  Lesquereux  from  the  Upper  Cre- 
taceous of  the  western  interior  region. 

In  size,  outline,  and  venation  this  Wilcox 
species  is  not  very  different  from  the  modern 
Pistia  stratiotes  Linn6,  which  occurs  in  the 
coastal  regions  of  our  Gulf  States  and  is  com- 
mon in  tropical  estuaries  Uke  that  of  the  Guaya^ 
quil  of  Eksuador.  Engler*  has  united  in  this 
single  species  all  the  Uving  representatives  of 
the  genus.  The  result  of  Engler's  classification 
makes  this  a  somewhat  variable  and  widely  dis- 
tributed species,  in  general  confined  to  the 
tropical  and  subtropical  regions.  In  this  coun- 
try it  is  found  from  Florida  to  Texas.  It  occurs 
in  the  West  Indies  and  southward   through 

1  Die  oatOrlichen  Pflanzenfamilien. 


Mexico  and  Central  America  to  Paraguay  and 
northern  Argentina.  In  Africa  it  occurs  from 
Natal  to  Scnegambia  and  Nubia,  and  also  in 
Madagascar  and  the  Mascareno  Islands.  In 
Asia  it  appears  throughout  the  East  Indies  and 
northward  to  the  Philippines. 

Few  fossil  forms  have  been  referred  to  this 
genus.  Hosius  and  Von  der  Marck  ^  described 
in  1880  a  form  which  they  called  Pistites  lori- 
formis  from  the  Emscherian  of  Westphaha,  but 
this  is  probably  cycadean  in  nature,  as  Schim- 
per  suggested.'  Lesquereux  *  in  1876  named  a 
remarkably  weU  preserved  form  from  Wyoming 
Pistia  corrugata,  and  later  fully  described  and 
illustrated  it,*  his  specimens  including  leaves  of 
different  sizes  and  rootlets.  These  specimens 
came  from  the  Montana  group,  which  is  of 
about  the  same  age  as  the  French  beds  from 
which  Saporta  and  Marion*  described  Pistia 
nuusdii.  I  have  recently  shown  ^  that  Heer's 
CTiondrophyUum  TtordensJdoldi,  described  from 
the  Atane  beds  of  Greenland,  is  a  true  Pistia 
and  is  exceedingly  abundant  in  the  Black  Creek 
formation  (Upper  Cretaceous)  of  North  Caro- 
lina. The  only  Tertiary  species  previously 
known  is  Pistia  claibomensis  Berry,  described 
recently  ®  from  the  upper  Claiborne  of  Georgia. 
This  species  is  markedly  different  from  the 
Wilcox  species,  being  broad  and  retuse,  ap- 
proaching in  these  features  some  of  the  older 
leaves  of  the  existing  American  form. 

Occurrence. — Wilcox  group,  4  J  miles  south- 
east of  Naborton,  De  Soto  Parish,  La.  (col- 
lected by  O.  B.  Hopkins). 

Collection. — ^U.  S.  National  Museum. 

Genus  ARACEiGITES  Fritel.* 
AitACR£rr£s  FHirELi  Berry,  n.  sp. 

Plate  CXIV,  figtiree  3  and  4. 

Description. — Flattened  remains,  seemingly 
of  a  large,  many-fruited  spadix,  which  may  be 
incompletely  characterized  as  follows:  Spadix 
large  dongate-cyhndrical;  the  incomplete  spec- 
imen has  a  length  of  6.5  centimeters  and  a  max- 

>  Palaeontographica,  vol.  2G,  p.  182,  pi.  38,  figs.  151-152, 1880. 
■  In  Zittel's  Ilandbuch,  p.  378, 1890. 

•  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1874,  p.  299, 1S7G. 
ftLesquereox,  Leo,  The  Tertiary  flora,  p.  103,  pi.  61,  flgs.  1,  3-7,  9-11, 

1883. 

•  Saporta,  G.  de,and  Marlon,  A.  F.,  L'dvolution  du  r^e  v<^g^tale, 
Phan^ogames,  vol.  2,  p.  37,  flgs.  114c,  114d,  1885. 

» Berry,  E.  W.,  Torrey  Bot.  Club  Bull.,  vol.  37,  p.  189,  pi.  21,  flgs,  1- 
15, 1910. 

•Berry,  E.  W.,  U.  8.  Geol.  Survey  Prof.  Paper  84,  p.  137,  pi.  26, 
flgs.  1,  2, 1914. 

•  Fritel,  F.  H.,  Soc.  gtel.  France  M^m.,  vol.  16,  no.  4,  p.  28, 1910. 
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imum  width  of  2.5  centimeters.  Fruits  single 
seeded,  numerous,  oblate-spheroidal  in  shape, 
circular  in  transverse  section,  about  2.25  milli- 
meters in  diameter,  and  about  4  or  5  milli- 
meters  in  length,  united  and  nearly  immereed 
in  a  compact  spadix.  Outline  of  the  coalesced 
perianth  (if  present)  deformed  by  pressure, 
seen  to  be  angular  in  some  parts  of  the  speci- 
men and  apparently  hexagonal. 

The  remains  on  which  this  species  is  founded 
are  imfortunately  scanty  and  imperfectly  pre- 
served in  clay  ironstone,  so  that  the  interpre- 
tation must  be  accepted  with  due  reserve. 
Comparisons  have  been  made  with  a  variety 
of  botanic  material.  The  first  fragments  were 
thought  to  represent  a  small  crushed  compound 
fruit  comparable  with  Nelxmibo,  and  compari- 
sons were  also  made  with  the  cicatrices  of  the  rhi- 
zomes of  certain  Nymphseaceas.  When  the  larger 
figured  specimen  was  worked  out  of  the  matrix 
it  at  once  suggested  a  spadix  of  some  aroid. 
The  only  other  alternative  that  seemed  worthy 
of  consideration  was  that  the  fossil  might  rep- 
resent a  small-fruited  Artocarpus,  the  leaves 
of  that  genus  being  common  in  these  beds. 
The  apparent  remains  of  Artocarpus  fruits 
have  been  described  by  Heer*  from  the  Tertiary 
of  Switzerland,  by  Nathorst '  from  the  Creta- 
ceous of  Greenland,  and  by  Marty '  from  the 
Miocene  of  France.  The  Wilcox  remains,  how- 
ever, do  not  compare  favorably  with  these  fos- 
sils nor  with  the  living  material  of  Artocarpus. 

The  genus  Araceaeites  Fritel,  to  which  the 
present  fossils  are  referred,  was  described  in 
1910  from  material  of  Spamacian  age  (the 
same  age  as  a  part  of  the  Wilcox  group)  from 
the  Paris  Basin.  It  was  proposed  for  araceous 
remains  of  this  sort  of  not  determinable  generic 
affinity  and  was  based  on  a  single  form,  smaller 
and  better  preserved  than  that  from  the  Wil- 
cox, compared  by  its  describer  with  the  exist- 
ing SpathiphyUum  Jloribundum  Engler  and  S. 
lanceolatum  Kotz,  both  of  northern  South 
America.  The  genus  SpathiphyUum  Schott 
comprises  about  a  score  of  existing  species,  all 
but  one  of  which,  an  East  Indian  form,  are 
confined  to  tropical  America.  Another  genus 
with  which  the  fossil  may  be  compared  is 
Monstera  Adanson,   which  is  represented  by 

1  Heer,  Oswald,  Flora  tertiaria  IlelvetisB,  vol.  2,  p.  69,  pi.  S4,  fig.  7, 1850. 

>  Nathorst,  A.  O.,  Kgl.  Sveaska  Vetens.-Akad.  Ilandl.,  vol.  24,  pp. 
1-10,  pi.  1,1880. 

>  Marty,  P.,  Flore  miootoe  de  Joursac,  p.  50,  pi.  9,  figs.  11, 12, 1903. 


about  15  species  in  tropical  America.  The 
individual  fruits  of  the  fossil  are  very  similar 
in  appearance  to  those  of  Monstera  ddidosa 
Liebman,  with  which  it  has  been  compared, 
and  probably  to  those  of  other  species  of  Mon- 
stera, of  which  material  was  not  readily  avail- 
able for  comparison. 

The*  species  under  discussion  is  named  in 
recognition  of  the  fine  work  of  P.  H.  Fritel,  of 
the  Paris  Museum,  in  his  revision  of  the  Ter- 
tiary floras  of  the  Paris  Basin. 

Occurrence. — Wilcox  group,  4i  miles  south- 
west of  Naborton,  De  Soto  Parish,  La.  (col- 
lected by  O.  B.  Hopkins). 

Collection. — ^U.  S.  National  Museum. 

Order  ARECALES. 

Family  ABECACEA. 

Genus  NIPADITES  Bowerbank. 

NiPADiTEs  BURTiNi  Brouguiart  var.  umbona- 

Tus  Bowerbank. 

Plate  CXII,  figures  13  and  14. 

Nipaditea  umbonatus.    Bowerbank,  A  history  of  the  fossil 
fruits  and  seeds  of  the  London  clay,  p.  9,  pi.  1, 1840.'* 

Description. — Drupelike  fruits  of  diflFerent 
sizes,  ranging  from  5  to  8  centimeters  in  length 
and  from  3  to  5  centimeters  in  diameter,  obovate 
in  outline  with  a  narrowed  truncated  base  and 
a  broadly  rounded,  umbilicate  apex.  Surface 
fibrous  and  obscurely  angled. 

This  material  consists  of  compressed,  rather 
illy  preserved  but  perfectly  characteristic  fruits 
of  a  nipa-like  palm  found  in  the  hard  clay  of 
Grenada.  Similar  remains  were  noted  from 
the  English  Eocene  by  Parsons  as  early  as 
1757  and  from  the  Belgian  Eocene  by  Burtin 
in  1784.  In  1840  Bowerbank  recognized  their 
true  affinity  and  proposed  the  name  Nipadites, 
describing  13  species  from  the  London  clay  of 
the  Isle  of  Sheppey  (Ypresian).  Later  authors 
have  greatly  reduced  the  number  of  species, 
recognizing  that  the  variations  were  due  in  a 
large  measure  to  the  position  of  the  fruits  in  the 
head  and  their  condition  of  preservation.  It 
is  quite  possible  to  match  these  Eocene  fruits 
from  Mississippi  with  one  or  more  of  Bower- 
bank's  types,  but  in  the  main  they  are  most 
closely  aUied  to  his  species  umbonatus,  which 
Ettingshausen  ^  in  1879  referred  to  Nipadites 

<  Those  Interested  will  find  the  detailed  synonymy  of  NipadUet  bwrdni 
in  the  paper  by  A.  C.  Seward  and  E.  A.  N.  Arber  (Hus.  roy.  hist.  nat. 
Belgique  M^m.,  vol.  2, 1903). 

fi  Ettlngshausen,  C.  von,  Roy.  Soc.  London  Proc.,  vol.  29,  p.  393, 187d. 
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A.     HABITAT    OF   THE    NIPA    PALM,    NIPA    FRUCT1CANS,    LUZON,    PHILIPPINE    ISLANDS. 

Photo  by  Philippine  Bureau  of  Science, 


R    HABITAT    OF    THE    BLACK    MANGROVE,    AVICENNIA    NITIDA,    PONCE,    PORTO    RICO. 
Photo  by  Marshall  A.  Howe. 
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hurtini  Brongniart,  the  species  to  which 
Seward  and  Arber  refer  all  the  nipa  fruits  from 
the  lower,  middle,  and  upper  Eocene  of  Bel- 
gium. Though  it  is  improbable  that  a  single 
species  ranges  throughout  the  Eocene,  and 
though  I  also  regard  it  as  improbable  that  the 
American  and  European  forms  are  specifically- 
identical,  in  spite  of  their  contemporaneity  and 
their  distribution  by  ocean  currents,  no  reliable 
characters  separate  the  American  from  the 
European  form. 

The  occuiTence  of  Nipadites  in  the  early 
Eocene  of  the  Mississippi  embayment  is  of  the 
greatest  interest,  as  it  throws  so  much  light  on 
the  contemporaneous  physical  conditions.  In 
the  existing  flora  the  genus  Nipa  is  monotypic 
and  stands  in  an  isolated  position  among  the 
palms,  formerly  being  placed  with  the  family 
PandanacesB.  The  existing  nipa  palm  is  a 
stemless  form,  some  of  whose  large  pinnate 
leaves  attain  25  feet  in  length.  It  inhabits  the 
tidal  waters  of  the  Indian  Ocean,  ranging  from 
India  through  the  Malay  Archipelago  to  the 
Philippines  and  vying  with  the  mangroves  for 
possession  of  the  tidal  flats.  It  produces  clus- 
ters of  large  fruits  which  are  distributed  by 
ocean  currents.  During  the  Eocene  the  closely 
allied  if  not  identical  genus  Nipadites  is  repre- 
sented by  the  characteristic  fruits  in  southern 
England,  Belgiiun,  France,  northern  Italy, 
southern  Russia,  and  northern  Egypt.  Until 
the  present  discovery  in  Mississippi  neither 
Nipa  or  Nipadites  had  been  foimd  in  the  living 
or  fossil  floras  of  the  Western  Hemisphere. 

A  characteristic  view  of  the  habit  and  the 
habitat  of  the  modem  Nipa  is  shown  on  Plate 
VII,  A, 

The  path  of  migration  by  which  these  palms 
were  introduced  into  the  Eocene  Gulf  of  Mexico 
is  worth  considering.  Since  their  remains  are 
so  widespread  and  common  in  the  early  Ter- 
tiary deposits  of  the  Mediterranean  region,  and 
since  they  occur  there  earlier  than  in  America, 
it  seems  probable  that  they  represent  an  intro- 
duced element  in  the  Wilcox  flora.  Their 
fruits  may  have  reached  this  hemisphere  by 
floating  across  the  Atlantic,  which  would  not  be 
possible  if  the  Atlantic  Ocean  currents  of  the 
Eocene  were  at  all  similar  to  those  of  the  pres- 
ent time.  Op  the  other  hand,  the  more  proba- 
ble hypothesis  is  that  their  range  may  have 
covered  Oceanica  during  the  late  Cretaceous 
and  early  Eocene,  and  they  may  have  been 
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carried  by  ocean  currents  across  the  sub- 
merged lands  of  Central  America  and  into  the 
Mississippi  Gulf. 

Occurrence, — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  Lowe  and 
Berry). 

Collection. — U.  S.  National  Museum. 

Genus  SABAUTES  Saporta. 

Sabalites  grayanus  Lesquereux. 

Plates  XII,  figures  1-3,  and  XIV,  figure  1. 

Sahal  Grayana.  Lesquereux,  Am.  Philoe.  Soc.  Trans., 
vol.  13,  p.  412,  pi.  14,  figs.  4-6,  1869.  (Not  Lesque- 
reux, 1871,  1874,  1876,  1878,  or  Knowlton,  1900.) 

Flabellaria  eocenica.  Lesquereux,  The  Tertiary  flora, 
p.  Ill,  pi.  13,  figs.  1-3,  1878. 

Description, — ^Lesquereux's  description,  pub- 
lished in  1869,  is  as  follows: 

S.  fronde  petiolate,  rachide  in  piano  posteriore  subplana, 
e  basi  dilatata  ovata,  lineari  cuspidata  6-8  policarl; 
foliis  flabelliformibus,  radiis  numeroeis,  elongatis,  sensim 
dilatatis,  nervulis  distantibus,  gracilimis. 

This  somewhat  protean  species  was  de- 
scribed by  Lesquereux  from  the  soft  white 
(^'Eolignitic")  clay  of  Lafayette  County,  Miss. 
None  of  Lesquereux's  specimens  of  it  can  at 
present  be  found  in  the  Hilgard  collection,  but 
it  seems  very  probable  that  the  type  came  from 
the  railroad  cut  just  north  of  Oxford.  Not  only 
is  this  the  sole  locality  in  the  county  known 
to  the  writer  where  these  white  clays  are  f  ossif- 
erous but  there  are  several  specimens  of  this 
species  from  this  locality  in  the  collections  of 
the  University  of  Mississippi,  which  have  been 
collected  at  different  times  by  different  indi- 
viduals, and  some  of  these  fragments  may  pos- 
sibly represent  Lesquereux's  type  material. 
There  is  also  a  specimen  from  this  outcrop  in 
the  collections  of  the  United  States  National 
Museum,  collected  some  15  or  20  years  ago  by 
Mr.  T.  O.  Mabry. 

Within  the  next  10  years  after  his  original 
characterization  of  this  species  Lesquereux 
identified  it  from  a  large  number  of  western  lo- 
calities in  Colorado,  Wyoming,  and  on  Van- 
couver Island.  Nearly  all  this  material  is  now 
in  the  National  Museimi.  In  my  judgment  all 
these  determinations  are  open  to  very  grave 
doubt,  not  only  on  account  of  the  inadequacy 
of  the  material  but  also  because  of  the  a  priori 
improbability  of  a  single  species  ranging  from 
the  Cretaceous  Montana  group  to  a  horizon 
well  above  the  base  of  the  Eocene  at  such  widely 
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removed  localities,  in  the  one  area  associated 
with  a  subtropical  coastal  flora,  which  suggests 
the  existing  flora  of  the  West  Indies  and  north- 
em  South  America  and  which  advanced  north- 
ward in  the  Mississippi  embayment  region,  and 
in  the  western  area  associated  with  a  very  dif- 
ferent type  of  flora. 

It  is  quite  true  that  the  determination  of  the 
foliage  of  fossil  palms  is  often  beset  with  un- 
usual if  not  insuperable  difficulties,  as  witness 
the  parallel  range  both  geographic  and  geo- 
logic, that  is  accorded  to  SaJxd  major  Heer  by 
European  students,  a  range  extending  from 
England,  France,  and  Italy  to  India  and  from 
the  Eocene  through  the  Oligocene  and  Miocene 
to  the  Pontian  stage. 

Since  the  original  description  of  Sdbalites 
gray  anus  is  more' or  less  incomplete  and  all  sub- 
sequent descriptions  have  been  either  com- 
posite or  else  based  on  material  which  I  would 
exclude  from  this  species,  it  becomes  important 
to  give  as  complete  a  description  of  this  palm, 
based  on  the  present  material  from  the  type 
locality  and  adjacent  localities  of  the  same  age, 
as  is  possible  from  the  nature  of  the  remains. 

Leaves  of  large  size  but  mostly  fragmentary. 
Estimated  diameter  in  some  of  the  larger  speci- 
mens, where  nearly  half  the  leaf  is  preserved, 
as  great  as  1.3  meters.  Most  of  the  leaves  are 
somewhat  smaller  than  this,  no  doubt  because 
the  larger  the  leaves  the  more  fragmentary  they 
would  be  likely  to  become  before  fossilization. 
Petiole  long  and  stout,  unarmed,  enlarged  at 
the  base  of  the  leaf,  and  tapering  into  an  ex- 
tended and  gradually  narrowed  acumen,  which 
is  not  visible  on  the  upper  surface  of  the  leaf, 
where  the  petiole  is  broadly  rounded  and  a 
short  and  inconspicuous  ligule  is  developed. 
From  the  manner  of  preservation  and  attitude 
of  the  rays  on  some  of  the  specimens  it  is  in- 
ferred that  the  acumen  was  recurved  as  it  is  in 
the  existing  Sabal  palmetto  (Walter)  Roemer 
and  Schultes.  Rays  very  numerous,  about  100 
m  number,  a  few  reduced  basal  ones  on  each 
side  free,  the  remainder  united  for  a  variable 
distance  above  the  base.  Their  dimensions 
and  the  relative  thickness  of  the  venation  are 
variable  featiu^es  dependent  on  the  size  of  the 
leaves.  The  largest  specimens  seen  have  thick 
carinate  stout-veined  rays,  5  centimeters  in 
maximum  width.  They  increase  in  size  from 
the  base  of  the  leaf  upward  and  individually 
they  are  narrow  at  their  point  of  attachment, 


widening  medially  and  becoming  gradually  nar- 
rowed into  long  acuminate  tips.  Venation 
characters  variable,  largely  dependent  on  the 
size  of  the  leaves  and  the  condition  of  preserva- 
tion of  the  epidermis  in  the  fossil  specimens. 
In  well-preserved  material  there  are  four  or 
five  relatively  thin  intermediate  veins.  Be- 
tween each  pair  of  veins  there  are  six  to  eight 
fine  veinlets,  which  are  not  visible  except  in 
well-preserved  specimens.  The  species  seems 
to  be  infested  by  at  least  two  species  of  leaf- 
spot  fungi. 

This  species  appears  to  have  been  a  common 
form  during  Wilcox  time.  It  is  more  like  the 
modem  Sabal  palmetto  than  any  other  existing 
species,  and,  like  it,  was  probably  a  form  that 
did  not  extend  inland  any  great  distance.  It 
appears  to  have  been  an  arborescent  form  and 
less  gregarious  than,  for  example,  our  other  ex- 
isting species  of  Sabal  and  Serenoa.  It  is  very 
common  in  the  deposits  near  Oxford,  and  per- 
fect leaves  are  not  uncommon,  but  it  is  impos- 
sible to  get  out  good  specimens  from  the  mas- 
sive and  more  or  less  jointed  clays.  A  single 
fragment  of  a  ray  from  Wilson  County,  Tex.,  is 
doubtfully  referred  to  this  species. 

It  is  a  striking  illustration  of  the  wealth  of 
plant  material  entombed  in  the  clays  of  the 
embayment  area,  as  well  as  of  the  inadequacy 
of  argimients  based  on  the  absence  of  certain 
genera  in  the  collection,  that,  very  extensive 
collections  from  Puryear  should  have  furnished 
only  two  or  three  fragments  of  single  rays  of 
this  species,  and  yet  a  single  specimen  of  clay 
from  this  locality,  exhibited  at  the  Louisiana 
Purchase  Exposition  (St.  Louis)  by  a  clay- 
mining  company,  should  show  a  fine  specimen 
of  the  central  part  of  a  leaf,  with  the  acumen 
preserved.  I  am  indebted  to  Prof.  L.  C.  Glenn, 
of  Vanderbilt  University,  for  the  loan  of  this 
specimen.  The  western  form,  from  Black 
Buttes,  Wyo. ,  described  originally  by  Lesquereux 
as  FlaieUaria  eocenica  and  later  found  to  be 
common  in  the  Raton  and  Denver  formations, 
imdoubtedly  represents  Sahalites  grayanus. 

Occurrence. — Holly  Springs  sand,  Oxford, 
Lafayette  Coimty,  Miss,  (collected  by  E.  W. 
Hilgard,  T.  O.  Mabry,  and  E.  W.  BerrjO,  and 
HoUy  Springs,  Marshall  County,  Miss,  (collected 
by  E.  W.  Berry) .  Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  W. 
Berry).  Wilcox  group:  Benton,  Saline  County, 
Ark.    (collected  by   E.  W.  Berry);   and  near 
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Boydsville,  Clay  County,  Ark.  (collected  by 
E.  W.  Berry) ;  sec.  12,  T.  17  N.,  R.  15  W.,  near 
Shreveport,  Caddo  Parish,  and  5  miles  southeast 
of  Naborton,  De  Soto  Parish,  La.  (collected  by 
0.  B.  Hopkins) ;  Old  Port  Caddo  Landing,  Little 
Cypress  Bayou,  Harrison  Coimty,  Tex.  (col- 
lected by  T.  W.  Vaughan) .  Lagrange  formation 
(in  beds  of  Wilcox  age) :  Breedlove  Pit,  near 
Henry,  Henry  Coimty,  Tenn.  (collected  by 
E.  W.  Berry) ;  Pinson,  Madison  County,  Tenn. 
(collected  by  E.  W.  Berry) ;  and  Baughs  Bridge, 
Wolf  River,  near  La  Grange,  Fayette  Coimty, 
Tenn.  (collected  by  L.  C.  Johnson).  Beds  of 
WUcox  age:  Calaveras  Creek,  Wilson  County, 
Tex.  (collected  by  Alexander  Deussen). 

Collections. — U.  S.  National  Museum;  Uni- 
versity of  Mississippi. 

Genus   CHAMilX>OREA  WiUdenow. 
Cham^dorea  danai  (Lesquereux). 

Plates  XII,  figure  4,  and  XIII,  figures  1-3. 

Cycas.  Hilgard,  Report  on  the  geology  and  agriculture  of 
Miasiasippi,  pp.  108,  117,  1860. 

Calamopsis  Danai.  Lesquereux  in  Dana,  Manual  of  geol- 
ogy, Isted.,  p.  513,  fig.  795,  1866. 

Calamopsis  Danai.  Lesquereux,  Am.  Philos.  Soc.  Trans., 
vol.  13,  p.  411,  pi.  14,  figs.  1-3,  1869. 

Description. — Lesquereux's  description,  pub- 
lished in  1869,  is  as  follows: 

C.  foliis  magnis,  frondosis,  pinnatis;  pinnis  gramineis, 
plants,  oppositis,  sequidistantibus,  basi  subattenuatis; 
nerv'is  primariis  3-5  sequalibus,  secondariis  unicls,  graci- 
lioribufl,  llxteales  areas  dividentibus,  nervulis  minimis, 
parallelibus,  approximatis,  notatas. 

This  handsome  feather  palm  is  represented 
by  rather  scanty  material,  that  collected  by 
Hilgard  more  than  50  years  ago  being  by  far 
the  best  that  has  come  to  light.  Lesquereux's 
figured  specimens  are  still  preserved  in  the  Hil- 
gard collection,  and  with  this  and  some  addi- 
tional material  for  study  the  writer  is  unable  to 
verify  Lesquereux 's  diagnosis  in  several  rather 
important  particulars.  In  the  first  place,  the 
leaflets  or  rays  are  not  opposite;  they  are  mark- 
edly decurrent,  and  a  fairly  prominent  midrib 
is  found  in  all  the  material.  The  species  may 
be  recharacterized  as  follows:  Rachis  long  and 
slender,  bearing  numerous  alternate  leaflets,  at 
least  more  than  a  dozen  pairs.  These  leaflets 
are  linear-lanceolate  in  outline,  the  tips  are  ex- 
tended and  gradually  narrowed,  and  the  bases 
are  more  abruptly  narrowed.  They  form  an 
angle  of  about  40®  with  the  rachis,  but  this 


angle  may  have  been  wider  toward  the  base, 
as  all  the  preserved  specimens  are  from  the 
distal  half  of  the  leaf.  These  lateral  rays  or 
leaflets  (pinnse)  differ  considerably  in  size,  the 
maximum  dimensions  being  30  centimeters  in 
estimated  length  and  2.5  centimeters  in  width 
in  the  basal  half  of  the  leaflet.  The  average 
dimensions  appear  to  be  about  25  centimeters 
in  length  by  1.5  centimeters  in  maximum 
width.  The  venation  consists  of  a  markedly 
decurrent  midrib  of  about  twice  the  caliber  of 
the  secondaries.  Secondaries,  one  or  two  on 
each  side  parallel  with  the  midrib.  Halfway 
between  the  adjoining  pairs  of  secondaries,  or 
between  the  secondaries  and  the  midrib,  are 
fine  tertiaries,  the  outside  one  on  each  side  run- 
ning rather  close  to  the  margin  at  a  distance 
from  the  outside  secondary  that  amounts  to 
half  the  space  between  that  secondary  and  the 
one  next  to  it.  In  each  of  the  areas  between  a 
secondary  and  a  tertiary  there  are  from  three 
to  five  very  fine,  equally  spaced,  parallel  vein- 
lets,  and  there  are  one  or  two  of  these  veinlets 
between  the  outside  tertiary  and  the  margin. 
No  transverse  nervilles  are  visible  with  magnifi- 
cation. This  characteristic  venation  is  illus- 
trated in  Plate  XIII,  figure  3,  which  shows  the 
appearance  and  relative  dimensions  when  en- 
larged four  times  of  a  ray  with  a  single  sec- 
ondary on  each  side.  In  texture  the  leaflets 
seem  to  be  thin,  but  of  a  firm  consistency.  Fig- 
ure 12  (p.  180)  shows  a  much  reduced  resto- 
ration of  a  complete  leaf. 

The  genus  Calamopsis,  to  which  Lesquereux 
referred  this  species,  was  described  by  Heer  ^  in 
1859  with  Calamopsis  hredana  from  the  Torto- 
nian  of  Baden  as  the  type  and  only  species.  Its 
distinguishing  character  was  the  absence  of  a 
midrib.  This  suggested  to  Prof.  Heer  a  com- 
parison with  the  numerous  oriental  species  of 
the  Recent  genera  Calamus,  Plectocomia,  and 
Zalacca.  Schenk  ^  in  his  discussion  of  Heer's 
species  considers  it  to  be  referable  to  the  sub- 
family PhoeniceflB  and  that  it  is  aUied  with 
those  species  usually  referred  to  Brongniart's 
genus  Phoenicites, 

Schenk  appears  not  to  have  been  familiar 
with  Lesquereux's  species,  although  that  spe- 
cies was  published  nearly  a  score  of  years  before. 
I  am  unable  to  judge  from  Heer^s  figures 
whether  the  basis  for  Schenk's  suggestion  is 

1  IleiT,  Oswald,  Flora  terliaria  HelvetUe,  vol.  3,  p.  ir.9,  pi.  149, 1S59. 
2 Schenk,  A.,  in  Zittel's  Ilandbuch  der  Palaeontologie,  Abtb.2,  Lief  4, 
p.  373, 1885. 
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sound,  but  the  present  species  from  Mississippi 
can  not  be  retained  in  the  genus  Calamopsis, 
even  if  that  is  a  valid  genus. 

The  present  species  appears  to  be  closely  re- 
lated to  the  existing  genus  Chamaedorea  of  Will- 
denow,  a  genus  of  small  palms  with  reedlike 
stems,  which  commonly  spreads  by  runners. 
It  has,  in  the  existing  flora,  about  60  species, 
ranging  from  central  Mexico  to  Bolivia  and 
Peru  in  the  Andes  and  in  westen^  Brazil.  It  is 
richest  in  species  in  the  humid  mountainous 
region  of  Central  Anierica,  and  several  of  these 
Central  American  forms  are  practically  indis- 
tinguishable from  this  Wilcox  species. 

Occurrence. — ^Ackerman  formation,  Colemans 
Mill,  Choctaw  Coimty,  Miss,  (collected  by  E.  W. 
Hilgard),  Wilcox  group,  Benton  (?),  Saline 
County,  Ark.  (collected  by  R.  E.  Call). 

Collections. — U.  S.  National  Museum. 

Order  SCITAMINALES. 

FamUy  CANNACEA. 

Genus  CANNA  Linn6. 

Canna  eocexica  Berry,  n.  sp. 

Plate  XV,  figures  7  and  8. 

Description. — Leaves  elongate-lanceolate,  at 
least  25  or  30  centimeters  in  length  and  proba- 
bly longer.  Maximum  width  not  preserved. 
Fragments  show  a  width  of  6  centimeters  on 
one  side  of  the  midrib  without  reachmg  the 
margm.  Margins  enth-e,  gradually  narrowing 
distad.  Midrib  stout  below,  at  least  1  centi- 
meter in  width,  becoming  obsolete  in  the  tip. 
Secondaries  thin,  equally  spaced,  subparallel, 
and  numerous,  diverging  from  the  midrib  at 
acute  angles,  60°  in  large,  presiunably  proximal 
fragments,  at  intervals  of  about  2  millimeters, 
becoming  increasingly  more  ascending  distad 
until  in  the  upper  part  of  the  leaf  they  are 
approximately  parallel  with  each  other  and 
with  the  long  axis  of  the  leaf.  Tertiaries  nu- 
merous, thin,  several  between  the  secondaries, 
with  which  they  are  parallel.  A  specimen  from 
Old  Port  Caddo  Landing  measures  9  by  26 
centimeters  and  indicates  a  leaf  12  by  56  centi- 
meters. 

This  species  is  not  especially  well  preserved, 
although  it  is  represented  by  numerous  frag- 
ments in  the  clays  of  the  Holly  Springs  sand  at 
Oxford,  Miss.  Larger  fragments  from  the 
Grenada   formation    at    Grenada,    Miss.,    are 


better  preserved  than  the  specimens  figured. 
It  may  be  compared  with  nimaerous  existing 
species  of  CannacesB  and  Marantacese  and  is 
referred  to  Canna  because  it  shows  no  generic 
differences  and  also  because  more  complete 
forms  from  the  Claiborne  group,  described  in 
manuscript,  are  clearly  referable  to  Canna. 

The  genus  Canna  is  exclusiTely  American  and 
contains  from  25  to  50  species,  mostly  hygrophi- 
lous  in  habit  and  confined  to  the  Tropics  and 
subtropics.  One  species,  Canna  fiacdda  Ros- 
coe,  penetrates  northward  as  far  as  South 
Carolina  in  the  swamps  that  skirt  the  coast. 
Among  fossil  forms  that  are  referred  to  the 
Scitaminales  is  the  genus  Scitaminophyton  de- 
scribed by  Massalongo  from  the  Itahan  Tertiary 
and  the  genus  CannophyUites  of  Brongniart, 
with  several  species  ranging  from  the  Upper 
Cretaceous  to  the  Pliocene  in  the  European 
area.  Fritel  has  recently  shown  that  the  French 
Ypresian  species  of  the  Paris  Basin  described 
originally  by  Watelet  as  CannophyUites  ungeri 
is  in  reality  based  on  fragments  of  an  undeter- 
minable palm.*  Alhed  forms  supposed  to  repre- 
sent the  family  Zingiberaceae  have  been  referred 
to  the  form  genus  Zingiberites  Heer,  which  com- 
prises several  species,  one  Upper  Cretaceous  and 
the  others  early  Tertiary.  One  of  these  species, 
Zingiberites  duhiiLS  Lesquereux,'  is  based  on 
very  fragmentary  material  from  the  Denver 
formation  of  Colorado  not  identical  with  the 
present  species.  The  Zingiberaceae  is  a  large 
family  and  is  confijied  almost  exclusively  to  the 
Eastern  Hemisphere.  Though  no  competent 
student  would  dispute  its  possible  occurrence  in 
the  American  Tertiary,  the  evidence  should  be 
more  complete  than  that  furnished  by  Les- 
quereux  to  be  at  all  convincing. 

Another  form  genus  for  fossil  leaves  much 
like  the  one  under  consideration  is  Musophyl^ 
lum,  first  described  by  Goppert  for  an  un- 
doubted Tertiary  species  of  MusaoesB  from  the 
island  of  Java.  Ten  or  a  dozen  species  have 
since  been  described  from  the  Tertiary  of  Eu- 
rope and  one,  MusophyUum  complicatum  Les- 
quereux,  from  the  early  Eocene  of  the  Rocky 
Mountain  region.  Though  it  is  beyond  the 
province  of  the  present  work  to  discuss  at  any 
length  the  botanic  affinities  of  these  species  of 
MusophyUum,  I  would  at  least  point  out  that 

1  Jour,  botanique,  vol.  22,  pp.  110,  111,  fig.  4, 1909. 
>Lesqu6reux,  Leo,  The  Tertiary  flora,  p.  95,  pi.  IC,  flg.  1, 1878. 
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in  my  judgment  several  species  are  referable  to 
the  CannacesB  and  not  to  the  Musaceae,  as,  for 
example,  Musa  bUinica  Ettingshausen,  MtLsa 
speciosa  Saporta,  and  some  at  least  of  the  forms 
referred  to  MusophyUum  complicatum  Lesque- 
reux.  Another  form  which  probably  represents 
a  species  of  Canna  is  ConvaUaria  latifolia  de- 
scribed by  Ludwig  ^  from  the  Aquitanian  of 
Munzenberg,  Hesse.  Tuzson  *  has  also  recently 
described  a  comparable  form  from  the  upper 
Oligocene  of  the  Zsil  Valley  in  Transylvania  as 
Schafarzikia  oligocxnica  gen.  et  sp.  nov. 

Occurrence. — ^HoUy  Springs  sand,  Oxford,  La- 
fayette Coimty,  Miss.,  and  Grenada  formation, 
Grenada,  Grenada  County,  Miss,  (collected  by 
E.  W.  Berry).  Wilcox  group,  Old  Port  Caddo 
Landing,  Little  Cypress  Bayou,  Harrison 
County,  Tex.  (collected  by  T.  W.  Vaughan). 

Collection. — ^U.  S.  National  Museum. 

MONOCOTTLEDON2E  INCEItTA  SEDIS 

Phyllites  wilcoxexsis  Berry,  n.  sp. 
Plate  CXII,  fi«?iire  12. 

Description. — ^Leaves  of  relatively  large  size, 
broadly  lanceolate  in  general  outline,  apex 
bluntly  pointed  and  base  narrowly  cuneate,  ex- 
tended, sheathing.  Length  about  20  to  25 
centimeters.  Maximum  width,  in  the  mid- 
dle part  of  the  leaf,  about  4  to  5  centi- 
meters. Margins  entire.  Texture  thin,  some- 
what flabellate.  Midrib  stout,  broad,  and  flat. 
Secondaries  thin,  diverging  from  the  midrib  at 
acute  angles  and  pursuing  a  flexuously  curved 
course  toward  the  margins,  with  which  they 
eventually  become  subparallel  until  they  are 
lost  in  the  tertiary  areolation  (dictyodrome). 
Tertiaries  irregularly  flabellate,  forming  later- 
ally elongated,  narrow,  acutely  pointed  meshes. 

This  species  is  unfortunately  based  on  but 
two  specimens  which  hardly  admit  of  adequate 
characterization  or  identification.  It  is  obvi- 
ously a  netted-veined  monocotyledon,  and 
among  the  netted-veined  families  it  is  probably 
referable  to  the  Aracea). 

Occvrrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

1  Ludwig,  R.,  Paleoontographica,  vol.  8,  p.  87,  pi.  19,  fig.  G,  1859. 
^Tuzson,  J.,  K.  ungarischen  geol.  Anstalt,  Mitt.  Jahrb.,  Bd.  21,  Ileft  8, 
p.251,pl.  19,  fig.  1,1014. 


SubdasB  DICOTTISDONA. 

Superorder  CHOBIPETALA. 

Order  JTJGLANDALES. 

Family  JTJGLANDACEA. 

Genus  JUGLANS  Liiiii6. 

(?)    JuGLANS   SAFFORDIANA    LosqUOreUX. 

JugloTis    Saffordiana.    Lesquereux,    Am.    Philoe.    Soc. 
Trans.,  vol.  13,  p.  421,  pi.  20,  fig.  7,  1869. 

Description. — The  description  given  by  Les- 
quereux in  1869  is  as  follows: 

J.  foliis  ovate  lanceolatis,  acutis,  bafii  iiiffiquaUter 
cordatis,  remote  obtuse  serratis,  nervis  secundariis  angulo 
suberecto  egredientibus,  arcuatis. 

This  species  was  founded  on  a  single  speci- 
men, figured  by  Lesquereux,  which  has  subso- 
quently  disappeared.     Lesquereux  is  positxS*^ 
that  the  base  was  cordate,  but  it  appear*^  ^v^ 
me  to  represent,  as  far  as  one  may  judge      ^.>^    ^ 
the   figure,    a   specimen    of   some   speci«^^^^^    ^^^ 
Dryophyllum    broken    symmetrically 
near  the  middle.     There  is  no  plausible 
for  r^arding  it  as  representing  a  Juglan^i 
as  I  have  been  unable  to  correlate  it  wil 
other  form  in  the  vast  amount  of  Wilcox 
rials  that  have  passed  through  my 
have  left  it  as  above,  since  it  is  scarcely 
while   to    endeavor   to    discover   the   l> 
affinity  of  such  poor  material. 

Occurrence. — ^Lagrange  formation  (in 
Wilcox  age) ,  La  Grang3,  Fayette  Coimty , 
(collected  by  J.  M.  Safford). 

Collection. — Type  lost. 

JuGLANS  SCHIMPERI  Lesquoreux. 

Plates  XVIII,  figures  3-5,  and  XIX,  figure 


Jtiglans  Schimperi.    Lesquereux,  U.  S.  Geol.  ajc&<i    ^^og. 

Suney  Terr.  Ann.  Kept.  1871,  Suppl.,  p.    8,  18"2; 

The  Tertiary  flora,  p.  287,  pi.  56,  figs.  5— XO,   1878. 
Hollick,  in  Harris,  G.  D.,  and  Veatch,  A.  C  A  pre- 

liminary  report  on  the  geology  of  Ix»uisiari^a>>  P-  -^. 

pi.  32,  fig.  5;  pi.  33,  figs.  1,  2;  pi.  35,  fig.  3,  1S99. 
Juglans  rugosa.     Lesquereux   (not   I^esquereaiac ,     l^^S)s 

U.  S.  Nat.  Mus.  Proc,  vol.  11,  p.  13,  1888. 

Description. — Leaves    ovate-lanceolat>^      ^d 
somewhat  inequilateral  in  outline.    Apox  g^r^rf. 
ually   acuminate.      Base  broadly   cuno*^  or 
roimdod,  inequilateral.     Size  variable;   l^'^th 
ranges  from  10  to  18  centimeters;  maxinmin 
width,  in  middle  or  lower  half  of  the  loaf;  ifom 
2  to  4.8  centimeters.     Margins  entire,  slightly 
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undulate.  Petiolule  generally  not  preserved; 
in  some  of  the  specimens  from  Wyoming  it 
ranges  from  3  to  7  millimeters  in  length.  Mid- 
rib stout,  usually  cm^ed.  Secondaries  thin, 
numerous,  rather  evenly  spaced,  subparallel, 
about  14  to  15  subopposite  to  alternate  pairs; 
they  branch  from  the  midrib  at  wide  angles 
and  curve  upward  close  to  the  margins  in  a 
camptodrome  manner.  Tertiaries  mostly  per- 
ciurent  and  distinct.     Areolation  subquadrate. 

This  species  was  described  by  Lesquereux 
from  the  Green  River  Eocene,  where  it  is  very 
abundant.  It  has  also  been  recorded  from  the 
Denver  formation  at  Golden,  Colo.,  and  from 
the  Raton  and  Fort  Union  formations.  It  was 
recorded  by  HoUick  in  considerable  abimdance 
from  the  Wilcox  of  Louisiana.  Whatever  may 
be  thought  of  the  probability  of  a  single  species 
extending  from  the  base  of  the  Eocene  to  the 
Green  River,  the  forms  from  the  Wilcox  are  not 
distinguishable  from  those  of  the  Green  River, 
as  may  be  readily  observed  by  a  comparison  of 
the  figures  of  specimens  from  both  horizons. 
Their  reference  to  the  genus  Juglans  is  not 
above  question,  although  no  better' disposition 
of  them  has  suggested  itself.  No  extensive 
new  material  has  been  collected  and  HolUck's 
more  complete  figiu^es  have  been  reproduced  in 
the  present  work. 

Occurrence. — Wilcox  group,  a  quarter  of  a 
mile  above  Coushatta,  Red  River  Parish,  La. 
(collected  by  G.  D.  Harris) ;  2  miles  south  of 
Naborton  and  sec.  28,  T.  13  N.,  R.  12  W., 
De  Soto  Parish,  La.  (collected  by  G.  C.  Matson 
and  O.  B.  Hopkins).  Bolivar  Creek,  3J  miles 
north  of  Harrisburg,  Poinsett  County,  Ark.  ( ?) 
(collected  by  L.  W.  Stephenson) .  Grenada  for- 
mation, Grenada,  Grenada  County,  Miss,  (col- 
lected by  E.  N.  Lowe  and  E.  W.  Berry). 
Lagrange  formation  (in  beds  of  Wilcox  age), 
Puryear,  Henry  Coimty,  Tenn.  (collected  by 
E.  W.  Berry),  and  Wickliffe,  Ballard  Coimty, 
Ky^  (collected  by  R.  H.  Loughridge,  U.  S.  Nat. 
Mus.  No.  2490). 

ChUeciions. — U.  S.  National  Museum;  New 
York  Botanical  Garden. 

Juglans  berryi  Knowlton. 

Juglans  rugosa.  Hollick  (in  part)  (not  Lesquereux)  in 
Harris,  G.  D.,  and  Veatch,  A.  C,  A  preliminary  re- 
port on  the  geology  of  Louisiana,  p.  280,  pi.  35,  fig. 
2  (not  fig.  1),  1899. 

Juglans  Berryi.  Knowlton,  U.  S.  Geol.  Survey  Prof. 
Paper,  MS. 


Description, — Knowlton's   description  is    as 

follows: 

Leaflets  membranaceous  in  texture,  the  terminal  leaflet 
ovate,  equal  sided,  broadest  near  the  middle,  whence  it 
narrows  in  about  the  same  degree  to  both  base  and  apex. 
Margin  entire,  petiolule  sliort,  slender;  secondaries  10  to 
12  pairs,  mainly  alternate,  considerably  curved  upward, 
camptodrome;  lateral  leaflets  larger,  ovate-lanceolate, 
strongly  unequal  sided;  margin  slightly  undulate;  petiolule 
slender;  secondaries  about  14  pairs,  alternate,  campto- 
drome; nervilles  mainly  unbroken,  oblique  to  the  sec- 
ondaries. 

This  species  is  common  in  the  Raton  for- 
mation of  Colorado.  Incomplete  specimens, 
identical  with  the  more  perfect  material  from 
Colorado,  occur  at  several  localities  within  the 
Wilcox  formation. 

Occurrence, — Wilcox  group,  a  quarter  of  a  mile 
above  Coushatta,  Red  River  Parish,  La.  (col- 
lected by  G.  D.  Harris) .  Lagrange  formation  (in 
beds  of  Wilcox  age),  Wickliffe,  Ballard  Coimty, 
Ky.  (collected  by  L.  C.  Glenn). 

Collections, — U.  S.  National  Museum;  New 
York  Botanical  Garden. 

Genus  ENGELHARDTIA  Leschen. 

Engelhakdtia  (Oreomunnea)  mississippien- 

sis  Berry. 

Plate  XVII,  figure  1. 

Engelkardtia  mississippiensis.  Berry,  Am.  Jour.  Sci., 
4th  ser.,  vol.  31,  p.  494,  pi.  2,  1911;  Plant  World, 
vol.  15,  pp.  234-238,  pis.  3,  4,  1912. 

Description, — Involucre  large,  trilobate,  and 
somewhat  reflexed.  Alse  widely  spread,  the 
angle  between  the  median  and  lateral  wings 
being  70°  to  80°.  Sinuses  correspondingly 
open,  rather  straight  sided,  roimded  at  the 
angle,  which  is  1.5  centimeters  from  the  ex- 
treme base  of  the  specimen.  The  median 
wing  is  the  longest  of  the  three  and  is  equi- 
lateral, spatulate  or  oblanceolate  in  outUne, 
expanding  gradually  distad  from  a  basal  width 
of  8  millimeters  to  a  width  of  13  millimeters, 
where  the  distal  portion  is  broken  ofif,  5  centi- 
meters above  the  base.  Since  this  apical  part 
is  missing,  the  total  length  is  estimated  at  6.5 
centimeters,  which  is  a  minimum  rather  than 
a  maximum  estimate.  Lateral  wings  slightly 
inequilateral,  the  outer  part  of  the  lamina 
being  a  trifle  wider  than  the  inner.  Apex 
rounded.  Length  5  centimeters.  Greatest 
width,  which  is  above  the  middle,  11  millime- 
ters. Least  width  proximad,  7  millimeters. 
Primaries  three  in  number,  one  median  pri- 
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mary  being  present  in  each  wing.  The  pri- 
maries are  relatively  very  stout  and  continue 
with  but  slight  attenuation  to  the  tips  of  the 
wings.  No  subordinate  primaries  or  discord- 
antly directed  secondaries  are  present,  as  in 
some  of  the  European  Tertiary  species.  Sec- 
ondaries numerous,  thin,  more  or  less  parallel, 
about  12  to  15  pairs  to  each  wing,  alternate. 
The  secondaries  branch  from  the  midvein  at  a 
wide  angle,  which  becomes  progressively  less 
distad,  where  they  are  placed  at  shorter  inter- 
vals and  are  more  regularly  curved,  campto- 
drome  throughout.  Tertiaries  extremely  fine, 
forming  small  arches  just  inside  the  margin 
and  more  or  less  rectangular  meshes  within  the 
spaces  bounded  by  the  secondaries.  Margins 
strictly  entire  throughout.  The  essential  por- 
tion of  the  fruit  is  poorly  preserved  and  partly 
broken  away,  as  is  the  rule  in  the  fossil  species  of 
this  genus.  It  appears  to  have  been  of  consid- 
erable consistency,  and  the  whole  fruit  having 
fallen  face  downward  the  reflexed  wings  raised 
the  peduncular  portion,  which  either  rotted 
away  before  f ossilization  or  more  probably  was 
broken  ofif  when  the  specimen  was  collected. 

Among  previously  described  Tertiary  forms 
this  species  is  most  similar  to  Engelhardtia 
brongniarti  Saporta,*  a  species  recorded  from 
Spain,  France,  Italy,  Germany,  and  Austria- 
Hungary  and  supposed  to  range  from  the 
Oligocene  to  the  Pliocene.  The  American 
species  is  somewhat  larger  than  most  speci- 
mens of  Engelhardtia  hrongniartif  although  lin- 
ger has  figured  forms  of  that  species  from 
Sotzka,  in  Styria,  which  are  not  much  different 
in  size.  The  wings  are  more  spreading  and  the 
outlines  are  much  more  elegant  in  the  present 
species.  In  the  European  form  the  wings  are 
rounded  apically  as  in  the  American,  but  they 
have  approximately  the  same  width  through- 
out and  do  not  taper  downward  as  in  Engel- 
hardtia nfiississippiensis.  The  secondaries,  in- 
stead of  being  regular  and  camptodrome  as  in 
Engelhardtia  mississippiensiSy  are  less  numer- 
ous and  more  irregular  in  position,  several  in 
each  wing  ascending  from  the  base  for  consid- 
erable distances  approximately  parallel  with 
the  midvein,  as  in  our  Claiborne  species. 

Among  the  existing  species  with  which  it  has 
been   compared    Engelhardtia  mississippienms 

1  Saporta,  Q.  de,  Etudes  sur  la  v^g^tation  du  sud-est  de  la  France  & 
r^poquo  tertlalre,  vol.  2,  p.  343,  pi.  12,  fig.  5, 1865. 


is  very  similar  to  most  of  the  described  oriental 
forms,  perhaps  resembling  Engelhardtia  apicata 
Blume  more  closely  than  the  others.  This 
species  ranges  from  the  northwestern  Hima- 
layan region  through  Burma  to  Java  and  other 
East  Indian  islands.  Comparative  material  of 
Oreomimnea  is  very  scarce.  A  single  fruit  in 
the  National  Herbarium  is  closer  to  the  fossil 
than  are  any  of  the  Asiatic  species,  but  in  the 
absence  of  more  material  the  limits  of  variation 
in  Oreomunnea  are  unknown. 

In  a  general  way  the  fruits  of  Engelhardtia 
are  not  unlike  those  of  Carpinus.  There  seems 
to  be  little  occasion  for  confusion,  however, 
even  in  poorly  preserved  fossil  material.  The 
fruit  proper  is  decidedly  different,  although  this 
is  seldom  well  enough  preserved  in  fossils  to  be 
decisive.  The  involucre  is  also  markedly  dif- 
ferent in  the  two  genera.  The  involucres  of 
Carpinus  are  generally  smaller  and  the  median 
wing  much  wider  and  longer  than  the  lateral 
wings  and  with  somewhat  different  venation. 
The  margins  are  also  toothed,  whereas  in  En- 
gelhardtia they  are  invariably  entire.  I  have 
examined  fruits  of  all  the  existing  species  of 
Carpinus  and  experience  no  difficulty  in  readily 
distinguishing  them  from  those  of  Engelhardtia, 
the  American  species  of  Carpinus  being  espe- 
cially different  in  appearance  from  those  of 
Engelhardtia.  I  have  seen  involucres  of  the 
Old  World  Carpinus  hetuLua  from  trees  culti- 
vated in  this  country  in  which  the  margins  of 
the  wings  were  entire  or  nearly  entire,  but  the 
aspect  of  the  specimens  as  a  whole,  because  of 
their  different  proportions  and  venation,  was 
markedly  unlike  Engelhardtia,  and  if  they  had 
been  found  as  fossils  no  competent  paleobota- 
nist  would  have  been  at  a  loss  regarding  their 
botanic  affinity  for  a  single  instant. 

The  leaves  described  under  the  name  of  En- 
gelhardtia ettingahauseni  Berry  are  found  in  as- 
sociation with  these  fruits   and  also  at  olivet 
localities  in  the  Wilcox  group,  where  th&  ttuita 
are  absent,  but  they  probably  represent  the 
same   species.      A   second    species  of    5Jngel- 
hardtia  based  on  fruits  is  foimd  in  the  Wilco^f 
and  a  third  species  occurs  in  the  lower  Cla^iborne 
deposits  of  southern  Arkansas. 

Occurrence, — Holly  Springs  sand.  Early 
Grove,  Marshall  County,  Miss,  (collected  by 
W  JMcGce). 

Collection. — U.  S.  National  Museum. 
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Engelhardtia  puryeabensis  Berry,  sp.  no  v. 

Plate  XVII,  figures  6  and  7. 

Description. — Involucre  small  to  large,  trilo- 
bate.    Alae  widely  spread,  diverging  from  each 
other  at  angles  of  about  70°.     Sinuses  corre- 
spondingly  open   and   nearly  straight  sided. 
The  whole  organ  ranges  from  4  to  7  centimeters 
in  length  and  from  4.4  to  6.25  centimeters  in 
maximum  width  from  tip  to  tip  of  the  lateral 
wings.     Nucellus   of   medium   size,   ovate   to 
spherical.    Median  wing  oblong,   very  much 
larger  than  the  lateral  wings,  ranging  from  3.5 
to  6  centimeters  in  length  and  from  1  centimeter 
to  1.7  centimeters  in  maximum  width  at  a  point 
about  halfway  to   the   tip,  narrowed    to   the 
bluntly   rounded   tip.     Lateral   wings   nearly 
equilateral,  straight  sided,  with  broadly  and 
abruptly  rounded  tips,  ranging  from  2  to  4 
centimeters  in  length  and  from  6.5  to  11  miUi- 
meters  in  maximum  width.    Margins  strictly 
entire  and  subparaUel.     Each  wing  has  a  rela- 
tively stout  midrib  centrally  placed  and  straight 
in  its  course.     On  each  side  of  each  midrib  at  a 
distance  approximately  halfway  to  the  margin  a 
relatively  stout  vein  runs  from  the  extreme  base 
parallel  with  the  midrib  nearly  to  the  tip  of  the 
respective  wings;  these  subordinate  primaries 
are  somewhat  less  stout  than  the  midribs  but 
stouter  than  the  rest  of  the  venation.     In  the 
larger   specimens   subordinate   primaries   rim 
from   the  base  part  way  to  the  tips.     Thin 
obliquely  curved  nervilles  conned  the  lateral 
primaries  of  each  wing  with  the  midrib.     From 
the  outer  side  of  the  outer  lateral  primaries 
thin  branches  diverge  to  form  a  camptodrome 
maj^inal  areolation;  in  the  median  wing  they 
diverge  at  acute  angles,  but  in  the  lateral  wings 
their  angle  of  divergence  is  very  open. 

Species  founded  on  fruits  of  Engelhardtia 
are  perhaps  not  entirely  free  from  suspicion, 
since  in  a  single  spike  of  a  modem  Engelhardtia 
there  is  more  or  less  variation  in  the  relative 
sizes  of  the  wings.  Nevertheless  the  present 
form  is  strikingly  different  from  the  contem- 
poraneous Engelhardtia  mississippien^  Berry 
and  is  represented  by  several  specimens,  both 
large  and  small,  so  that  no  coiu^e  is  possible  but 
to  describe  it  as  a  distinct  species.  Some  of 
these  differences  are  worthy  of  enumeration: 
In  Engelhardtia  puryearensia  the  median  wing 
is  much  larger  instead  of  being  about  the  same 
size  as  the  lateral  wings;  the  margins  are  sub- 


parallel  and  not  conspicuously  narrowed  toward 
the  base  or  apex;  the  lateral  wings  are  equi- 
lateral and  generally  diverge  at  more  open 
angles;  the  tips  are  more  broadly  and  bluntly 
rounded;  the  nucellus  is  relatively  somewhat 
smaller;  the  sinuses  are  more  deeply  cleft  and 
more  angular.  The  secondaries  are  not  numer- 
ous or  regular  and  subparallel,  but  conspicuous 
lateral  pseudoprimaries  run  from  the  extreme 
base.  A  third  American  species  of  fruit  de- 
scribed by  me  as  Engelhardtia  daibomensis 
occurs  in  the  lower  part  of  the  overlying 
Qaibome  group  in  Arkansas.  Though  not  as 
large  as  some  of  the  forms  of  this  species  or  as 
E,  mississippiensis  it  is  much  more  robust  and 
has  subequal  pointed  wings,  less  deeply  cleft 
sinuses,  and  a  much  larger  nucellus. 

Among  the  Engelhardtia  fruits  described 
from  the  Eiu-opean  Tertiary,  the  present  species 
greatly  resembles  some  of  the  forms  included 
by  Saporta  ^  in  Engelhardtia  hrongniarti  which 
come  from  the  Oligocene  of  southeastern  France. 
Our  species  may  be  compared  with  that  species 
as  shown  in  Saporta' s  %ure  5c  of  Plate  XII. 
Other  forms  associated  with  this  specimen  and 
referred  to  this  species  are  not  at  all  closely  com- 
parable and  I  have  no  doubt  that  the  Wilcox 
form  is  specifically  distinct.  From  their  rare 
occurrence  in  the  Wilcox  flora,  which  is  essen- 
tially a  coastal  one,  it  may  be  inferred  that  in 
the  Eocene  as  in  the  existing  flora  the  Engel- 
hardtias  were  upland  trees,  so  that  only  occa- 
sionally did  their  bouyant  winged  fruits  float 
down  the  rivers  to  the  coastal  area  of  sedi- 
mentation. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Engelhardtia  ettingshauseni  Berry,  n.  sp. 

Plate  XIX,  figures  1,  3,  and  5. 

Sapindua  dubius.    Lesquereux  (part),  U.  S.  Nat.  Mus. 
Proc.,  vol.  11,  p.  13,  1888. 

Description. — ^Leaves  pinnate.  Leaflets  ses- 
sile, ovate-lanceolate,  more  or  less  inequilateral 
in  outline,  slightly  falcate,  with  a  narrowed, 
bluntly  pointed  or  narrowly  rounded  apex,  and 
a  pointed  inequilateral  base.  Length  5.5  to  9 
centimeters.  Maximum  width  2  to  3  centi- 
meters, in  the  middle  part  of  the  leaflet.     Mar- 

1  Saporta,  G.  de,  op.  clt.,  vol.  2,  p.  343,  pi.  12,  fig.  5. 
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gins  entire,  somewhat  undulate,  as  in  the  exist- 
ing EngeJhardtia  spicaia  Blume.  Texture  cori- 
aceous. Midrib  stout  and  generally  curved. 
Secondaries  rather  stout,  prominent  on  the 
lower  surface  of  the  leaflets,  10  to  12  opposite  to 
alternate,  subparallel  camptodrome  pairs;  they 
branch  from  tho  midrib  at  angles  of  30°  to  60®, 
and  pursue  a  relatively  straight  course  to  the 
marginal  r^ion,  where  they  curve  upward 
close  to  and  subparallel  with  the  margin.  Ter- 
tiaries  thin,  mostly  percurrent. 

This  species  is  associated  with  the  fruits  de- 
scribed as  Engelhardtia  mississijypiensis  Berry  ^ 
at  Early  Grove,  Miss.,  and  E,  puryearensis 
Berry  at  Puryear,  Tenn.,  and  was  probably  the 
foliage  of  one  or  the  other  of  these  Eocene  trees. 
Until  this  can  be  demonstrated  it  seems  wisest 
to  describe  the  foliage  under  a  distinctive 
name,  the  one  selected  being  in  honor  of  the  late 
Baron  von  Ettingshausen,  who  was  the  first  to 
point  out  the  true  botanic  position  of  the  Engel- 
hardtia fruits,  so  common  in  the  European  OU- 
gocene,  which  previously  were  referred  to  the 
genus  Carpmus. 

The  species  shows  considerable  variation  in 
size  and  relative  proportions,  the  narrower 
leaflets  having  more  ascending  secondaries,  but 
no  specific  diflFerences  are  discernible.  The 
limits  of  variation  are  well  shown  by  the  speci- 
mens figured.  They  resemble  Engelhardtia  spi- 
caia  Blimie  of  the  Asiatic  region  except  in  the 
acimiinate  leaflets  of  that  species.  They  are 
still  more  like  Engelhardtia  chrysolepis  Hance  of 
the  southeastern  Asiatic  region,  which  has 
petiolulate  leaflets  with  entire  margins,  blunt 
tips,  and  inequilateral  outlines,  exactly  like  the 
fossil.  The  leaflets  are  not  as  large  as  those  of 
E,  spicata  and  the  secondaries  are  more  ascend- 
ing, in  both  of  these  features  approaching 
nearer  to  the  fossil  form.  Other  modem  spe- 
cies have  leaflets  with  toothed  margins — ^a  char- 
acter in  which  there  is  much  variation  among 
the  Juglandales,  both  recent  and  fossil.  The 
present  species  occurs  in  the  Raton  formation 
of  the  southern  Rocky  Mountain  province,  a 
horizon  slightly  older  than  the  Wilcox.  A 
specimen  from  Wickliffe  that  was  referred  to 
Sapindus  dubius  by  Lesquereux  is  imquestion- 
ably  a  leaf  of  this  species,  which  was  also  col- 
lected from  the  locality  by  L.  C.  Glenn.  A 
previously  described  fossil  which  is  very  close 
to  if  not  identical  with  the  present  species,  and 

1  Beny,  E.  W.,  Am.  Jour.  Sci.,  4th  ser.,  vol.  31,  p.  4M,  fig.  1, 1911. 


which  I  consider  a  species  of  Engelhardtia,  is 
described  by  Engelhardt '  as  Tapiria  lanceolata 
(Anacardiaceae).  It  comes  from  the  Tertiary 
of  Ecuador. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry) ;  Holly  Springs  sand, 
Early  Grove  and  Holly  Springs,  Marshall 
County,  Miss,  (collected  by  E.  W.  Berry) .  Wil- 
cox group  (common  but  fragmentary) ,  Benton, 
Saline  County,  Ark.  (collected  by  R.  E.  Call). 
Lagrange  formation  (in  beds  of  Wilcox  age), 
Puryear,  Henry  Coimty,  Tenn.  (collected  by 
E.  W.  Berry),  and  WickMe,  Ballard  County, 
Ky.  (collected  by  R.  H.  Lougliridge  and  L.  C. 
Glenn). 

Collections. — ^U.  S.  National  Museum. 

Genus  PARAENGELHARDTIA  Beny,  n.  gen. 

This  genus  has  the  characters  of  the  type  and 
only  known  species.  It  is  evidently  allied  to 
Engelhardtia  and  probably  represents  a  sur- 
vivor of  the  ancestral  stock  from  which  Engel- 
hardtia was  derived. 

Paraengelhardtia  eocenica  Berry,  n.  sp. 

Plate  XVII,  figures  2-5. 

Description. — ^The  present  genus  and  species 
are  based  on  bracteate  fruits,  which  may  be 
described  as  follows:  Involucre  entire,  not  tri- 
partite,, orbicular  in  general  outline,  with  a 
short  stout  .stalk.  The  distal  margin  has  a 
shallow,  broadly  roimded  sinus  on  each  side  of 
the  apex,  dividing  the  wing  into  three  broadly 
rounded  or  shortly  pointed  lobes.  Base 
rounded  or  decurrent  to  the  pedxmcle.  Apex  • 
broadly  roimded  or,  though  preserving  its 
broadly  rounded  outline,  it  may  be  mucronate 
pointed.  Lateral  lobes  broadly  rounded  or  in 
some  specimens  pointed;  the  specimen  shown  in 
Plate  XVII,  figure  4,  is  pointed  on  one  side  and 
rounded  on  the  other.  The  smallest  specimen 
figured  was  complete  when  collected  and  was 
of  the  exact  form  indicated  by  the  dotted  line; 
that  is,  all  the  lobes  were  rounded.  It  was 
abraded  during  transit  from  the  field  and  now 
appears  as  shown  by  the  photograph.  Height 
ranges  from  1.6  to  2.75  centimeters.  Maximum 
width  ranges  from  2.2  to  3.2  centimeters. 
Margins  entire.  Substance  thin  but  somewhat 
coriaceous.      Venation    thin    and    reticulate. 

2  Engelhardt,  H.,  Senckmbergische  naturf.  OesclL  Abh.,  voL  Wi 
p.  15,  pi.  0,  fig.  4, 1895. 
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About  15  somewhat  flabellate^  distally  forked, 
and  anastomosing  veins  radiate  from  the  essen- 
tial part  of  the  fruit,  which  is  large  and  spherical 
and  is  situated  at  the  top  of  peduncle.  No 
primaries  are  differentiated,  but  a  vein  runs  to 
the  tip  of  each  marginal  lobe.  Within  the 
meshes  a  system  of  stiU  finer  anastomosing 
veinlets  forms  a  four  or  five  sided  indistinct 
areolation.  The  essential  part  of  the  fruit  is 
more  or  less  globular,  5  to  8  millimeters  in  diam- 
eter, and  is  adnate  to  the  involucre  at  its  base 
at  the  top  of  the  pedmicle. 

This  species  represents  an  imdescribed  type. 
The  specimen  shown  in  Plate  XVII,  figure  4, 
suggests  a  ligneous  scale  comparable  with  some 
coniferous  scale,  but  in  reality  it  is  an  imthick- 
ened  wing.  These  specimens,  which  are  not 
rare,  have  been  compared  with  all  the  existing 
families  which  have  winged  fruits  that  are 
known  to  me.  They  are  more  nearly  compar- 
able with  certain  existing  members  of  the 
Amentiferse  and  are  especially  suggestive  of 
Engelhardtia,  which  is  represented  in  the  Wil- 
cox flora  by  perfectly  characteristic  winged 
fruits  as  well  as  leaves.  The  essential  part  of 
the  fruit  appears  to  be  identical  in  both  genera, 
but  in  Paraengelhardtia  the  involucre  is  entire 
and  has  only  faint  indications  of  the  lobation 
characteristic  of  Engelhardtia,  besides  it  lacks 
the  differentiated  venation  of  that  genus.  It  is 
easy  to  understand  that  with  the  progressive 
elongation  of  the  incipient  lobes  of  Paraengel- 
hardtia, necessary  to  a  better  dissemination  of 
these  fruits,  the  main  vascular  bundle  to  the 
tip  of  each  lobe  would  become  stouter  and  be 
gradually  transformed  into  midribs.  This  hints 
at  the  genesis  of  the  Engelhardtia  type  of 
fruit  from  ancestral  forms  with  small  bracts 
like  the  bracts  of  Juglans  or  Hicoria,  which  be- 
came in  the  course  of  time  concrescent  and  sub- 
sequently deeply  trilobate. 

Occurrence, — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — U.  S.  National  Museum. 

Genus  HICORIA  Rafinesque. 
Hicoria  antiquorum  (Newberry)  Kiiowlton. 

Carya  antiquorum,    Newbeny,  New  York  Lye.  Nat.  Hist. 

Annals,  vol.  9,  p.  72,  1868. 
Newberry,  Illustrations  of  Cretaceous  and    Tertiary 

plants,  pi.  23,  figs.  1-4,  1878. 
Newberry,  U.  S.  Geol.  Survey  Mon.  35,  pi.  31,  figs. 

1-4,  1898. 


Carya  antiquorum,    Lesquereux,  U.  S.  Greol.  and  Geog. 
Survey,  Terr.  Ann.  Rept.  for  1871,  p.  294, 1872. 
Lesquereux,  idem  for  1872,  p.  402,  1873. 
Lesquereux,  The  Tertiary  flora,  p.  289,  pi.  57,  figs. 
1-5;  pi.  58,  fig.  2,  1878. 
Carya  antiqua.    Lesquereux,  U.  S.  Nat.  Mus,  Proc.,  vol. 

11,  p.  25.  1888. 
Hicoria  antiquorum  (Newberry).    Knowlton,  U.  S.  Geol. 
Survey  Bull.  152,  p.  117,  1898. 

Description, — Lesquereux's  description,  pub- 
lished in  1878,  is  as  follows: 

Leaflets  large,  broadly  oval  or  ovate-lanceolate,  acui:  i- 
nate,  rounded  or  broadly  cuneate  to  the  petiole;  base  in- 
equilateral; borders  minutely  denticulate;  lateral  nerves 
close,  parallel,  simple,  curved  in  ascending  toward  the 
borders. 

The  leaflets  of  this  species  are  very  large,  except  those 
of  the  lowest  pair,  whose  size  is,  as  in  species  of  Juglans, 
generally  diminutive.  *  *  *  The  substance  of  these 
leaflets  is  subcoriaceous  and  rigid,  the  surface  generaUy 
polished,  though  deeply  cut  by  numerous  lateral  nerves 
and  nervillee;  the  borders,  crenulate  or  denticulate,  be- 
come entire  toward  the  more  or  less  inequilateral  base,  of 
which  one  side  is  generally  rounded,  the  other  straight. 
The  petiole  of  the  lateral  leaflets  is  short;  that  of  the  ter- 
minal ones  longer.  *  *  *  The  lateral  nerves  are  close, 
twenty  to  twenty-five  pairs  in  the  large  leaflets,  under  a 
broad  angle  of  divergence,  50°  to  60°,  mostly  simple, 
closely  following  the  borders  in  simple  bows,  connect^ 
with  the  teeth  by  minuto  short  nervilles.  *  ♦  *  The 
generic  relation  of  the  species  can  not  be  definitely  con- 
sidered as  long  as  the  fruit  is  not  known.  As  the  North 
American  species  of  Juglans  and  Carya  can  be  used  only  as 
points  of  comparison  by  the  characters  of  their  leaves,  these 
characters,  especially  the  generally  simple  secondary 
nerves  in  our  species  of  Juglans  more  generally  divided  in 
those  of  Carya,  seem  to  refer  this  fine  species,  whose  lateral 
nerves  are  not  at  all  divided,  to  the  first  genus.  The  size 
of  the  leaflets,  however,  has  more  likeness  to  those  of 
Carya  alba,  though  all  the  fossil  leaflets  of  Carya  published 
by  European  authors  are  narrow  and  linear,  and  also  the 
branching  of  the  nerves  is  quite  as  distinct  in  Juglans 
rupestris  as  in  the  species  of  Carya. 

The  foregoing  quotation  is  somewhat 
abridged  from  Lesquereux's  description  of 
this  species,  which  is  found  in  considerable 
abundance  in  the  Wilcox  at  Campbell's  quarry, 
La.  The  form  is  widely  distributed  in  the 
basal  and  Fort  Union  Eocene  of  the  Rocky 
Moimtain  province,  extending  northward  into 
the  Northwest  Territory  and  British  Columbia, 
accordmg  to  Penhallow,  whose  records  I  have 
not  quoted  in  the  synonymy  because  of  the 
extreme  unreliability  of  most  of  his  imiJlus- 
trated  determinations. 

With  regard  to  the  generic  reference  of  these 
leaves  to  Hiooria,  I  believe  it  to  be  entirely 
unsatisfactory  but  have  not  ventured  on  a 
ohangC;  since  that  would  obscure  the  geologic 
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value  of  this  widespread  form.  The  speoies  is 
certainly  very  close  to  the  widespread  Wilcox 
species  described  in  the  present  work  as 
Euonymus  splendens  Berry  if  not  identical 
with  it,  and  it  shows  in  its  broad  form,  lai^e 
size,  simple  secondaries,  and  the  Uke,  more  of 
the  characters  of  this  genus  than  it  does  those 
of  Hicoria. 

Occurrence. — ^Wilcox  group,  Campbell's 
quarry.  Cross  Bayou,  Caddo  Parish,  La.  (col- 
lected by  L.  C.  Johnson). 

Collection. — U.  S.  National  Museum  (No. 
2443,  11  speoimens). 

Order  MYBICALES. 
Family  MYBICACEA. 

Genus  MYRICA  Linnd. 

Myrica  ELffiANoiDEs  Lesqucrcux. 

Plate  XVIII,  figure  2. 

Myrica  elsnanoides.    Lesquereux,  U.  S.  Nat.  Mus.  Proc., 
vol.  11,  p.  12,  pi.  4,  fig.  5,  1888. 
Loughridge,  Report  on  the  geological  and  economic 
features  of  the  Jackson's  purchase  region,  p.  198, 
1888. 

Description. — Lesquereux's  'description,  writ- 
ten in  1888,  is  as  follows: 

Leaf  long,  linear-lanceolate,  entire,  gradually  tapering 
at  base  and  somewhat  decurring  upon  a  short  petiole, 
acute  or  acuminate  (point  broken]^;  secondaries  close, 
numerous,  oblique,  camptodrome;  tertiaries  intermediate, 
more  inclined,  anastomosing  at  right  angles  on  both  sides, 
retictilation  very  small,  quadrate. 

This  species  was  described  by  Lesquereux, 
who  compared  it  with  Salix  and  with  Quercus 
elsena  Unger  of  the  European  Tertiary,  the 
specific  name  chosen  being  in  allusion  to  its 
resemblance  to  that  species.  Though  he  notes 
its  similarities  to  various  LauracesB  he  finally 
decides  in  favor  of  Myrica,  pointing  out  its 
resemblance  to  the  Eiu-opean  Myrica  aquensis 
Saporta  and  Myrica  Tutkeaefolia  Saporta. 

Myrica  elaeanoides,  if  it  is  a  Myrica,  must 
have  been  rare  in  the  Wilcox  flora  or  else  an 
inhabitant  of  areas  remote  from  fossilization, 
for  it  has  been  detected  only  twice  in  the  large 
collections  subsequently  made.  There  is  some 
resemblance  to  the  larger  leaves  of  the  Wilcox 
species  Nectandra  pseudocoriacea  Berry,  but 
the  two  forms  are  believed  to  be  perfectly 
distinct. 

In  -the  existing  flora  the  family  Myricaceae  is 
represented  by  the  genera  Myrica  and  Comp- 


tonia.  Myrica  comprises  between  30  and  40 
species  of  shrubs  and  small  trees  of  wide 
geographic  distribution  throughout  the  tem- 
perate and  subtropical  portions  of  both  the 
Eastern  and  Western  hemispheres.  Comptonia 
is  a  monotypic  genus  of  eastern  North  America. 
Both  genera  have  an  extended  geologic  history, 
from  the  middle  Cretaceous  to  the  Pliocene, 
and  both  had  a  wide  range  and  very  many 
species  during  the  Tertiary. 

Many  of  the  existing  species  are  coastal 
forms,  inhabiting  either  deep  swamps  or  areas 
of  sand  dunes,  and  it  is  probable  that  Myrica 
elseanoides  had  a  habitat  comparable  with  that 
of  the  modem  wax  myrtle,  Myrica  cerifera 
LiUm&y  which  ranges  along  the  Atlantic  coast 
from  southern  New  Jersey  to  Texas  and  also 
grows  in  Bermuda  and  the  Bahama  Islands  as 
well  as  on  several  of  the  Antilles. 

Though  the  type  of  this  species  has  always 
been  credited  to  Wickliflfe,  the  specimen  which 
is  preserved  in  the  United  States  National 
Museum  (No.  2572)  is  obviously  from  Boaz. 
A  thin  marginal  vein,  which  was  not  noticed 
by  Lesquereux,  imites  the  secondaries.  Some 
of  the  later  collections  are  much  smaller  than 
the  type,  the  smallest  specimen  measuring  9 
centimeters  in  length  by  1.5  centimeters  in 
maximimi  width. 

Occurrence. — ^Ackerman  formation,  Hurleys, 
Benton  Coimty  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  Hilgard). 
Lagrange  formation  (in  beds  of  Wilcox  age), 
Boaz,  Graves  Coimty,  Ky.  (collected  by  R.  H. 
Loughridge),  and  IJ  miles  east  of  Grand  Junc- 
tion, Hardeman  County,  Tenn.  (collected  by 
L.  C.  Glenn). 

Collections.— V.  S.  National  Museum. 

Myeica  wilcoxensis  Berry,  n.  sp. 

•  Plate  XVIII,  figure  1. 

Description. — Leaves  of  small  size,  lanceolate 
in  general  outline,  the  tip  somewhat  abruptly 
pointed  and  the  base  narrowly  cuneate. 
Length  about  5.5  centimeters.  Maximum 
width,  slightly  above  the  middle  of  the  leaf, 
about  1.1  centimeters..  Margins  entire  in  the 
basal  half  of  the  leaf;  the  upper  half  shows  re- 
mote, irregularly  spaced,  small  serrate  teeth. 
Texture  coriaceous.  Petiole  short  or  lacking. 
Midrib  stout,  prominent  on  the  lower  surface  of 
the    leaf.     Secondaries    relatively    stout    and 
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prominent,  numerous  and  miequally  spaced; 
some  of  those  in  the  upper  part  of  the  leaf 
enter  marginal  teeth  in  a  craspedodrome  man- 
ner, others  send  short  branches  into  the  teeth, 
but  the  intermediate  ones  and  those  in  the 
lower  half  of  the  leaf  are  camptodrome. 
Tertiary  system" well  marked  and  duplicating 
the  characters  f  oimd  in  recent  species  of  Myrioa, 
namely,  that  stout,  more  or  less  flexuous  terti- 
aries  between  and  subparallel  with  the  seconda- 
ries send  out  oblique  branches  and  form  a 
coarse  and  stout  Tertiary  areolation,  connected 
with  a  iSner  isodiametric  ultimate  areolation. 
The  fossil  leaves,  which  have  considerable  sub- 
stance preserved  as  a  thin  ferruginous  sheet  of 
lignite,  show  immistakable  evidence  of  a  punc- 
tate character,  exactly  comparable  with  that 
which  obtains  in  recent  species  of  the  genus. 

This  species,  though  not  abimdant,  is  espe- 
cially well  marked  and  readily  distinguishable 
from  the  other  members  of  the  Wilcox  flora. 
It  is  almost  identical  with  a  number  of  existing 
species,  as  for  example  Myrica  cenfera  Linn6, 
which  ranges  along  the  Atlantic  coast  from  Cape 
May,  N.  J.,  to  Texas  and  is  also  found  on  the 
Bermuda  and  Bahama  islands  and  several  of 
the  Antilles.  Myrica  cerifera  is  most  common 
and  vigorous  in  sandy  swamps  along  the  South 
AUantio  and  Gulf  coasts,  and  its  habitat  may 
be  legitimately  compared  with  that  of  Myrica 
wUcoxensia.  It  is  also  close  to  the  existing 
Eurasiatic  Myrica  gale  Linn6.  A  large  number 
of  fossil  species  are  closely  comparable  with  the 
present  form,  especially  those  rather  numerous 
species  of  the  upper  Eocene  and  lower  Oligocene 
of  Mediterranean  Europe.  Among  American 
fossil  species  it  shows  considerable  resemblance 
to  Myrica  nigricans  Lesquereux  of  the  Gail^ome 
group  in  the  embayment  area  and  may  be  an 
ancestor  of  that  form. 

Occurrence, — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N.  Lowe 
and  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Order  FAOALES. 

Family  FAOACSA. 

Genus  DRYOPHYLLUM  Debey. 

Leaves  broad  and  long  pointed  with  prominent  aquiline- 
serrate  teeth Dryophyllum  amplum. 

Leaves  broad  and  short  pointed  (elliptlcal-ianceolate) 
with  shallow  regular  serrate  teeth. . .  Dryophyllum  moorii. 


Leaves  narrow  and  elongated  (linear-lanceolate),  more  or 
leas  prominently  toothed : 
Petiole  short,  secondaries  thin  and  irregularly  spaced. 

Dryophyllum  anomalum. 
Petiole  long,  secondaries  stout,  more  closely  and  regu- 
larly spaced: 
Alternate  secondaries  caiAptodrome,  teeth  irregu- 
larly spaced Dryophyllum  puryearemtis. 

Secondaries  closer,  craspedodrome,  teeth  closer 
and  more  regularly  spaced. 

Dryophyllum  tennesseensis. 

Dryophyllum  anomalum  Berry,  n.  sp. 

Plate  XXIV,  figures  2  and  3. 

Description. — ^Leaves  of  medium  or  large 
size,  elongate,  and  oblong-lanceolate  in  out- 
line, the  apex  narrowed  and  extended,  acu- 
minate, and  the  base  narrowly  cimeate  and 
decmrent.  Length  ranges  from  15  to  25  cen- 
timeters. Maximum  width,  at  or  below  the 
middle,  ranges  from  2.5  to  3  centimeters. 
Margins  entire  below,  somewhat  undulate  and 
revolute,  variously  toothed  for  the  upper  three- 
fourths  of  their  length.  Teeth  remote,  irregu- 
larly spaced,  serrate,  ranging  from  forms  in 
which  they  are  greatly  reduced,  like  the  smaller 
figured  specimen,  to  forms  like  the  larger 
figured  specimen  in  which  they  are  very  promi- 
nent, directed  outward,  incurved  or  recurved 
and  separated  by  roimded  inequilateral  sinuses. 
Leaf  substance  very  thick  and  coriaceous. 
Petiole  short  and  stout,  timiid  proximad,  about 
1.25  centimeters  in  length,  the  narrowly  decur- 
rent  leaf  margins  reaching  nearly  to  the  base. 
Midrib  very  stout,  prominent  on  the  lower  sur- 
face of  the  leaf.  Secondaries  very  thin  and 
inmiersed  in  the  leaf  substance,  remote  and 
irregularly  spaced,  alternate,  invariably  camp- 
todrome. They  diverge  from  the  midrib  at 
wide  angles,  curve  upward  in  diflFerent  degrees, 
are  accentuated  in  the  marginal  region,  and 
send  a  thin  tertiary  outward  to  each  marginal 
tooth.  Tertiaries  mostly  obsolete;  where  seen 
they  are  percurrent. 

This  species  is  distinguishable  from  all  the 
other  Wilcox  species  of  Dryophyllum  by  its 
thin  camptodrome  venation.  In  outline  and 
general  appearance  it  is  very  similar  to  the 
larger  forms  oiDryophyUum  puryearensis  Berry. 
The  specimens  show  marked  textural  diflFer- 
ences,  however,  and  Dryophyllum  puryear- 
ensis  has  rather  regular  stout  craspedodrome 
secondaries. 
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Occurrence, — ^Lagrange  fonnation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Dryophyllum  moorii  (Lesquereux). 

Plates  XXII,  figure  1,  and  XXIII,  figures  1-3. 

Quercus  Moorii,  Lesquereux,  Am.  Philos.  Soc.  Trans., 
vol.  13,  p.  415,  pi.  16,  figs.  1-3,  1869. 

Lesquereux,  U.  S.  Nat.  Mus.  Proe.,  vol.  11,  p.  31, 
1888. 

Knowlton  in  Glenn,  L.  C,  U.  S.  Geol.  Survey  Water- 
Supply  Paper  164,  p.  38,  1906. 

Knowlton  in  Lindgren,  Waldemar,'U.  S.  Geol.  Survey 
Prof.  Paper  73,  pp.  60,  61,  1911.  (Eocene  near 
Susan ville,  Lassen  County,  Cal.) 

Description, — Lesquereux,  in  1869,  gave  the 
following  description: 

Q.  foliis  coriaceis,  oblanceolatis,  vel  obovatis  oblongis, 
elongatis,  subobtusis,  maigine  remote,  breviter  serratis; 
nervis  secundariis,  sub  angulo  latiore  egredientibus,  curva- 
tis,  craspedodromis. 

This  handsome  species  has  not  been  found  in 
any  recent  collections  made  by  me  from  the 
embayment  area  and  is  consequently  repre- 
sented by  Lesquereux's  figured  specimens,  by 
one  or  two  additional  fragments  fortimately 
preserved  in  the  Hilgard  collection,  and  by  a 
few  specimens  collected  by  Prof.  Glenn  at 
Wickliflfe,  Ky.,  and  by  Dr.  Vaughan  at  Old  Port 
Caddo  Landing,  Tex.  The  specimens  repre- 
sented by  I.<esquereux's  figures  1  and  2  have 
been  photographed  and  reproduced  in  Plate 
XXIII,  and  a  third  figure  of  the  lower  part  of  a 
mediimi-sized  leaf  has  been  reproduced  to  give 
some  idea  of  the  general  outline  of  the  leaf  whose 
upper  half  is  shown  in  Lesquereux's  figure  3. 
The  species  may  be  somewhat  more  fully  char- 
acterized as  follows: 

Leaves  very  broadly  elliptical-lanceolate  in 
outline,  differing  in  size,  the  length  ranging 
from  14  to  28  centimeters,  and  the  maximum 
width  from  4.5  to  12  centimeters.  Widest  near 
the  middle,  the  lateral  margins  being  fuU  and 
tapering  rather  abruptly  to  the  pointed  apex  and 
cuneate  base.  Texture  coriaceous.  Margins 
entire  for  a  short  distance  above  the  petiole, 
elsewhere  set  with  remote  shallow  serrate  teeth, 
one  at  the  terminus  of  each  secondary,  separated 
by  shallow  inequilateral,  nearly  straight  sinuses. 
Midrib  stout,  rigid,  not  out  of  proportion  to 
the  size  of  the  leaves  nor  as  stout  as  indicated 
in  Lesqucreux's  figures  2  and  3.  Secondaries 
numerous,  approximately  parallel,  usually  op- 


posite or  subopposite,  branching  from  the  mid- 
rib at  regular  intervals  at  angles  of  about  45°. 
Their  angle  of  divergence  is  more  open  in  the 
median  part  of  the  leaf  as  well  as  in  broader 
specimens,  and  may  be  said  to  range  from  40° 
to  65°.  There  are  about  15  pairs  of  stout 
secondaries,  prominent  on  the  lower  surface  of 
the  leaf.  They  are  nearly  straight  in  larger 
specimens,  but  curve  more  or  less  distad  in 
the  smaller  forms.  They  terminate  craspedp- 
dromely  in  the  marginal  teeth,  generally  by  a 
slight  bending  outward,  and  are  camptodrome 
in  the  basal,  entire-margined  portion  of  the 
leaf.  Tertiaries  thin  but  clearly  seen,  numer- 
ous, regular,  and  percurrent. 

This  species  is  well  characterized  and  is 
markedly  distinct  from  other  species  of  Dryo- 
phyllum, which  are  abundant  in  the  Wilcox. 
It  is  also  distinct  from  the  forms  described 
from  other  areas  but  shows  marked  similarities 
to  some  of  the  European  early  Eocene  species. 
In  referring  briefly  to  other  Wilcox  species  of 
Dryophyllima,  it  may  be  noted  that  DryophyJr 
lum  puryearensis  Berry  is  relatively  much  more 
slender  and  elongate,  the  apex  and  base  gradu- 
ally narrowed,  and  the  base  entire  for  a  con- 
siderable distance.  The  marginal  teeth  are 
more  prominent,  the  intervening  sinuses  more 
curved,  and  the  secondaries  much  less  numer- 
ous and  more  regularly  curved.  The  midrib  is 
relatively  much  stouter;  both  it  and  the  sec- 
ondaries are  prominent  below,  but  the  ter- 
tiaries are  obsolete,  possibly  indicating  a  more 
coriaceous  leaf. 

DryophyUwrn  tennesseensis  Berry  is  somewhat 
variable  in  outline  and  some  specimens  of  this 
exceedingly  abundant  species  approach  Dryo^ 
pJiyUum  moorii  in  appearance.  They  are, 
however,  more  lanceolate  in  outline,  being 
relatively  much  longer  and  more  slender,  and 
have  more  numerous,  stouter,  curved  seconda- 
ries and  more  prominent  teeth. 

The  genus  Dryophyllum  is  exceedingly  well 
developed  in  the  early  Eocene  of  Europe  and  a 
number  of  these  European  forms  are  similar  to 
the  present  species,  the  most  similar  being 
perhaps  Dryophyllum  levalense  Marty  *  from  the 
Paleocene  (Montian)  of  Hainaut  in  Belgium. 
This  species  shows  even  greater  variations  in 
size  than  Dryophyllum  moorii.  It  has  the 
same  broad,  abruptly  pointed  leaves  and  iden- 

1  Marty,  Pierre,  Mus.  hist.  nat.  Belgique,  Extrait  M^m.,  vol.  5,  p.  15» 
pis.  2-7, 19G7. 
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tioal  venation,  the  principal  point  of  diflFerence 
being  the  prominent  dentate  teeth  of  the  Bel- 
gian species.  DryophyUum  moorii  also  shows 
some  resemblance  to  the  early  Eocene  species 
DryophyUum  aguamarum  Ward/  from  Black 
Buttes,  Wyo. 

DryophyUum  7nx>orii  is  found  in  the  flora  of 
the  Raton  formation  of  the  southern  Rooky 
Moimtain  province,  a  fonnation  slightly  older 
than  the  Wilcox. 

Occurrence. — ^Ackerman  formation,  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss.  (coUeoted  by  E.  W.  Hilgard); 
Lagrange  formation  (in  beds  of  Wilcox  age), 
Wickliffe,  Ballard  County,  Ky.  (collected  by 
L.  C.  Glenn).  Wilcox  group.  Old  Port  Caddo 
Landing,  Little  Cypress  Bayou,  Harrison 
County,  Tex.  (collected  by  T.  W.  Vaughan). 

CoUections, — U.  S.  National  Museum;  State 
University,  Oxford,  Miss. 

Dryophyllum  tennesseensis  Berry,  n.  sp. 

Plates  XIX,  figure  6,  XX,  figures  1-3,  XXI,  figures  1,  4, 

and  5,  and  XXII,  figure  2. 

Quercus  crastinerms.    Lesquereux,    Am.   Jour.    Sci.,   2d 
ser.,  vol.  27,  p.  364,  1859. 
Lesquereux,  Geology  of  Tennessee,  p.  427,  pi.  K,  fig. 
1,  1869.     (Not  Qwercus  crassinervia  GOppert,  1852.) 
Loughridge,  Report  on  the  geologic  and  economic 
features  of  the  Jackson's  purchase  region,  p.  196, 
fig.  1,  18i8. 
Quercus  cf.  cuspidata  (Rossm.)  Ung.     Lesquereux^  U.  S. 
Nat.  Mus.  Proc,  vol.  11,  p.  12,  1888. 

Description. — ^Leaves  predominantly  lanceo- 
late in  outline,  meriting  the  term  ovate-lanceo- 
late in  a  few  broader  specimens.  Length  6  to 
25  centimeters,  average  about  20  centimeters. 
Maximum  width  ranges  from  7.5  millimeters 
to  6  centimeters;  averages  about  3.5  centi- 
meters midway  between  the  apex  and  the  base 
or  somewhat  nearer  the  base.  From  the 
region  of  maximum  width  the  leaf  curves 
gradually  to  the  extended  slender  tip  and  the 
narrowly  cuneate  base.  Margin  entire  for  a 
short  distance  proximad.  Above  this  portion 
it  is  beset  with  more  or  less  prominent,  aquiline 
serrate  teeth,  directed  upward  and  separated 
by  shallow  inequilateral  sinuses.  Petiole  very 
stout,  enlarged  at  the  point  of  attachment, 
tapering  upward,  from  3  to  5  centimeters  in 
length.  Midrib  relatively  very  stout,  promi- 
nent on  the  lower  surface  of  the  leaf.  Seconda- 
ries stout,  very  numerous,   regularly  spaced 

1  Ward,  L.  F.,  U.  S.  Geol.  Survey  Bull.  37,  p.  26,  pi.  10,  figs.  2-i,  1887, 


at  intervals  of  3  to  6  millimeters,  parallel, 
craspedodrome,  opposite  to  alternate.  They 
diverge  from  the  midrib  at  diflFerent  angles, 
dependent  on  the  width  of  the  leaf,  but  the 
average  is  about  45°;  they  are  prominent  on 
the  lower  surface  of  the  leaf,  curve  upward 
slightly,  the  curve  becoming  more  pronounced 
distad,  and  terminate  in  the  marginal  teeth. 
Tertiaries  fine  but  well  marked,  percurrent. 
Texture  coriaceous. 

This  species  is  very  abundant  in  the  clays 
of  Henry  County,  Tenn.  It  shows  considerable 
variation  in  size  and  relative  slendemess,  some 
of  the  specimens  approaching  DryophyUum 
puryearensis  Berry  in  the  latter  character.  It 
is  less  variable  in  size  than  DryophyUum  moorii 
(Lesquereux)  Berry,  despite  its  much  greater 
abundance  in  the  collections  studied,  and  is 
readily  distinguished  from  both  DryophyUum 
moorii  and  DryophyUum  puryearensis.  The 
normal  form  can  never  be  confused  with  Dryo- 
phyUum puryearensis  and  the  more  slender 
forms  may  be  distinguished  by  their  stouter, 
more  numerous  secondaries,  their  more  numer- 
ous'and  less  prominent  teeth,  and  by  the  tend- 
ency in  DryophyUum  puryearensis  for  a  large 
portion  of  the  lower  margins  to  be  toothless 
and  to  have  oamptodrome  secondaries.  Its 
more  important  differenoes  when  compared 
with  DryophyUum  moorii  are  mentioned  in  the 
description  of  that  species.  A  single  fragment 
of  this  species  was  collected  by  Safford  many 
years  ago  near  Somerville,  Tenn.,  and  was 
described  by  Lesquereux*  as  Quercus  cra^si- 
nervis  Unger.  As  far  as  I  am  aware  Unger 
never  applied  the  name  crassinervia  to  any 
species  of  Quercus  of  which  he  was  the  original 
describer,  and  Lesquereux  undoubtedly  referred 
to  Quercus  crassinervia  described  by  Goppert 
from  the  upper  Miocene  of  Silesia  (Tortonian). 
The  plant  from  Tennessee  differs  decidedly  from 
this  European  Miocene  species,  which  Ettings- 
hausen  *  subsequently  referred  to  Ca^tanea 
ataxia  Unger  and  which  Schimper  *  referred  to 
Ca^tanea  Jcubinyi  Kovats.  Quercus  crassinervia 
Goppert  ^  has  much  more  prominent,  outwardly 
directed  teeth,  with  deeper  and  more  angular 
sinuses,  and  is  a  less  elongated  leaf  than  Dryo- 

1  Lesquereux,  Leo,  in  SafTord,  J.  M.,  Geology  of  Tennessee,  p.  427, 
pi.  K,  fig.  1,  1867. 

t  Ettiogshausen,  C.  von,  K.  Akad.  Wias.  Wien  Sitzungsber.,  Bd.  65, 
Abth.  1,  p.  160,  1«72. 

«  Schimper,  W.  P.,  Pal^ontologie  vdgdtale,  vol.  2,  p.  610, 1872. 

♦  flSppert,  H.  R.,  Deutsche  geol.  Gesell.  Zeitschr.,  vol.  4,  p.  491, 185^ 
Die  tertiare  Flora  von  Schossnitz,  p.  16,. pi.  8,  fig.  1, 1855. 
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phyUum  tennesseensis.  It  may  be  the  leaf  of  a 
Castanea. 

The  present  species  may  be  compared  with 
a  niunber  of  early  Eocene  species  described 
from  European  localities,  as,  for  example,  Dryo- 
phyUum  palxocastanea  Saporta  from  Suzanne, 
France,*  DryophyUum  curticeUense  (Watelet) 
Saporta  and  Marion,  an  Ypresian  species,'  and 
DryophyUum  dewalguei  Saporta  and  Marion  * 
from  Gelinden,  Belgium.  DryophyUum  pcHxo^ 
castanea  is  perhaps  most  like  DryophyUum  ten- 
nesseensis  but  has  larger  and  less  pointed 
teeth  and  more  nearly  horizontal  secondaries. 
DryophyUum  dewalguei  is  also  much  like  the 
Wilcox  species  but  is  widest  near  the  base  and 
much  elongated  and  narrowed  distad;  the  teeth 
are  much  more  prominent  and  rounded.    • 

The  medium'-sized  leaves  of  DryophyUum 
tennesseensis  are  much  like  those  described  bv 
Watelet  from  the  Ypresian  of  the  Paris  Basin 
as  Castanea  saportse,^  and  the  smaller  leaves 
may  be  compared  with  forms  described  by 
this  author  from  the  Thanetian  of  the  Paris 
Basin  as  Myrica  roginei.^ 

The  deposits  from  which  the  fragment  of  this 
species  came  near  Somerville  were  referred  to 
the  Pleistocene  by  Lesquereux,  but  they  are 
in  fact  beds  of  Grenada  or  upper  Wilcox  age. 

Occurrence. — HoUy  Springs  sand,  ravine  at 
Oxford,  Lafayette  County,  Miss,  (collected  by 
E.  W.  Berry),  and  HoUy  Springs,  Marshall 
County,  Miss,  (collected  by  E.  W.  Berry). 
Wilcox  group,  4  miles  southwest  of  Boyds- 
viUe,  Clay  County,  Ark.  (coUected  by  E.  W. 
Berry).  Grenada  formation,  Grenada,  Gre- 
nada County,  Miss,  (collected  by  E.  N.  Lowe 
and  E.  W.  Berry).  Lagrange  formation  (in 
beds  of  Wilcox  age):  SomerviUe,  Fayette 
Coimty,  Tenn.  (collected  by  J.  M.  SaflFord); 
Puryear  (abimdant)  and  Henry  (Breedlove 
pit),  Henry  County,  Tenn.  (collected  by  E.  W. 
Berry);  Boaz,  Graves  County,  Ky.   (collected 

1  Saporta,  0.  de,  Prodrome  d'une  flora  fossile  des  travertins  anciens  de 
Suzanne,  p.  61  (349)  pi.  5,  figs.  4-6, 1868.  (Also  recorded  from  Italy  by 
Squinabol,  Rlv.  ital.  Paleont.,  vol.  7,  p.  71, 1901.) 

>  Saporta,  O.  de,  and  Marlon,  A.  F.,  Essal  sur  I'^tat  de  la  v^g^tation  k 
r^poque  des  mames  heersiennes  de  Gelinden,  p.  42,  pl.  1,  fig.  5,  1873; 
Revision  de  la  flore  heersienne  de  Gelinden,  p.  53,  pl.  7,  figs.  6-8, 1878. 
(Also  recorded  from  Saxony  by  Frledrich,  Beitruge  zur  Keimtniss  der 
Tertiar  flora  der  Provlni  Sachsen,  p.  209,  pl.  6.  figs.  14, 15, 1883. 

s  Saporta,  G.  de,  and  Marion,  A.  F.,  Essai  sur  I'^tat  de  la  v^tation 
k  r^poque  des  mames  heersiennes  de  Gelinden,  p.  37,  pi.  2,  figs.  1-6; 
pl.3,  figs.  1-4;  pi.  4,  figs.  1-4;  Revision  de  la  flore  heersienne  de  Gelinden, 
p.  50,  pl.  7,  figs.  4, 5;  pl.  8,  figs.  1-7.  (Recorded  from  Saxony  by  Friedrich. 
op.clt.,  pp.  22, 101,  pl.  1,  figs.  3,  0;  pi.  9,  fig.  6.) 

« Watelet,  A.,  Description  des  plantes  fossilea  du  bassin  de  Paris 
p.  142,  pl.  38,  figs.  4, 5, 1866. 

*  Idem,  p.  127,  pl.  33,  figs.  10, 11. 


by  R.  H.  Loughridge,  5  specimens.  No.  2573); 
and  WickliflFe,  Ballard  County,  Ky.  (collected 
by  L.  C.  Glenn).  Wilcox  group,  1 J  miles  west, 
2}  miles  southeast,  3  miles  east,  5  miles  south- 
east, and  2  miles  south  of  Naborton,  De  Soto 
Parish,  La.  (collected  by  G.  C.  Matson  and 
O.  B.  Hopkins). 

Collections. — ^U.  S.  National  Museum. 

Dryophyllum  puryearensis  Berry,  n.  sp. 

Plate  XXI,  figures  2  and  3. 

Description. — Leaves  linear-lanceolate  in  out- 
line, very  diflFerent  in  size,  the  length  rangmg 
from  15  to  25  centimeters  and  the  maximum 
width,  which  is  midway  between  the  apex 
and  the  base,  ranging  from  1  centimeter  to  2.5 
centimeters.  Apex  and  base  equally  elongated 
and  gradually  narrowed  to  a  point.  Margins 
entire  below  for  distances  that  differ  in  different 
specimens,  amoimting  to  one-fourth  the  length 
in  some  specimens;  above  this  region  strong 
but  slightly  produced  serrate  teeth  are  directed 
outward  and  separated  by  rounded  sinuses. 
The  marginal  teeth  are  commonly  spaced  ir- 
regularly and  are  lacking  in  some  of  the  sec- 
ondaries. Midrib  very  stout  and  prominent 
below,  generally  more  or  less  curved.  Sec- 
ondaries stout,  considerably  curved,  diverging 
from  the  midrib  at  angles  in  excess  of  45°;  not 
parallel,  since  in  general  every  oiher  second- 
ary is  craspedodrome  and  terminates  in  a 
marginal  tooth;  the  alternating  secondaries, 
diverge  at  a  wider  angle  and  are  camptodromc, 
as  are  also  the  secondaries  in  the  basal  part  of 
the  leaf,  where  the  margins  are  entire.  Ter- 
tiaries  inmiersed.     Texture  coriaceous. 

This  is  a  well-marked  species,  and  some 
of  the  characters  by  which  it  may  be  distin- 
guished from  the  preceding  species  of  Dryo- 
phyUum have  been  mentioned  in  the  discussion 
of  those  species.  It  may  be  compared  with 
the  same  group  of  European  early  Tertiary 
species  of  Dryophyllum,  of  which  several  have 
already  been  mentioned. 

The  larger  leaves  of  the  present  form  are  not 
likely  to  be  mistaken  for  anything  else,  but 
some  of  the  smaller  specimens,  like  the  smaller 
one  figured,  may  be  confused  with  the  Wilcox 
species  of  Banksia,  especially  with  the  not 
imcommon  species  of  Banksia  described  by 
Lesquereux    as    Quercus    sajfordi,^    but    that 

•  Lesquereux,  Leo,  Am.  Jour.  Sci.,  2U  ser.,  vol.  27,  p.  364,  1859. 
(For  ether  citations  see  Banksia  taffordi  in  the  present  work.) 
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species  differs  in  its  general  form,  being  widest 
and  entire  proximad;  in  its  much  extended  and 
narrow  apex,  with  relatively  larger  produced 
teeth;  and  in  its  minute  isodiametric  areoles. 

The  present  species  is  less  common  than  the 
preceding  Wilcox  species  of  Dryophyllum. 

The  larger  leaves  of  Dryophyllum  puryeareiv- 
sis  are  closely  simulated  in  appearance  by  the 
associated  leaves  of  Dryophyllum  anomalum 
Berry,  which,  however,  can  be  readily  distin- 
guished by  their  thin  and  invariably  campto- 
drome  secondaries.  The  smaller  leaves  are 
much  like  the  French  Ypresian  species  Dryo- 
phyllum curticelfense  (Watelet)  Saporta  and 
Marion*  and  the  French  Thanetian  species 
Myrica  roginei  Watelet.^  The  leaves  of  Myrica 
roginei  are  also  much  like  Quercus  linearis 
Knowlton  of  the  Raton  formation  of  the  south- 
ern Rocky  Mountain  province. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  W. 
Berry).  Lagrange  formation  (in  beds  of  Wil- 
cox age),  Puryear,  Henry  Coimty,  Tenn.  (col- 
lected by  E.  W.  Berry),  and  Wickliffe  (No. 
2571),  Ballard  County,  Ky.  (collected  by  R.  H. 
Loughridge) . 

Collections. — ^U.  S.  National  Museum. 

Dryophyllum  amflum  Berry,  n.  sp. 

Plate  CXVII,  figures  1-4. 

Description. — ^Leaves  large,  lanceolate  in  gen- 
eral outline,  with  an  acuminate  apex  and  a 
cuneate  base.     Length  ranges  from  20  to  30 
centimeters.    Maximum  width,  in  the  middle 
part  of  the  leaf,  ranges  from  5  to  7  centimeters. 
Texture  coriaceous.    Margins  entire  in  the  basal 
fourth  of  the  leaf,  above  which  they  are  beset 
with  widely  spaced,  prominent,   aquiline-ser- 
rate   teeth,   one   at  the  termination  of  each 
secondary  vein.     The  petiole  is  missing  in  all 
the  specimens.     The  midrib  is  stout  and  prom- 
inent on  the  lower  surface  of  the  leaf.     Sec- 
ondaries stout,  regularly  and  widely  spaced, 
about  a  dozen  pairs,  varying  from  alternate  to 
opposite,   craspedodrome;  they   diverge   from 
the  midrib  at  angles  of  50°  to  60°,  pursue  a 
nearly  straight  ascending  course,  and  terminate 
in  the  marginal  teeth.     Tertiary  venation  very 
thin,   forming  a  fine  angular  mesh,  with  no 

1  Watelet,  A.,  Description  des  plantes  fossiles  du  bassin  de  Paris,  p.  127, 
pi.  34,  flgs.  1-3, 1866. 
*  Idem,  p.  127,  pi.  33,  figs.  10, 11. 
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differentiation  between  nerviUes  and  the  ulti- 
mate areolation.  In  the  teeth  straight  ter- 
tiaries  run  directly  to  the  margin  and  there  is 
no  intramarginal  series  of  arches  as  there  usu- 
ally is  in  Castanea  or  Quercus. 

This  large  and  characteristic  species  is  com- 
mon in  the  clay  ironstone  in  the  vicinity  of 
Naborton.  It  is  larger  than  the  leaves  of  any 
of  the  Wilcox  species  of  Dryophyllum  except 
occasional  leaves  of  Dryophyllum  mx>orii  (Les- 
quereux),  which  is  relatively  shorter  and 
broader  and  has  more  numerous  secondaries 
and  very  feeble  marginal  teeth.  None  of  the 
other  Wilcox  forms  has  nearly  so  prominent 
or  aquiline  teeth  as  Dryophyllum  amplum,  the 
only  one  with  large  teeth  being  the  narrow 
form  DnjophyUum  anomalumj  in  which  they 
are  different  in  shape  and  the  secondaries  are 
thin  and  camptodrome.  Among  foreign  s^pe- 
ci&^  Dryophyllum  dewalquei  Saporta  and  Marion^ 
from  the  Heersian  (Thanetian)  of  Belgium  is 
perhaps  most  similar  to  the  present  form. 

Occurrence. — NW.  }  sec.  9  and  SE.  }  NE.  \ 
sec.  13,  T.  12  N.,  R.  12  W.,  near  Naborton, 
De  Soto  Parish,  La.  (collected  by  G.  C.  Matson 
and  O.  B.  Hopkins). 

Collections. — ^U.  S.  National  Museum. 

Order  XTBTICAIiES. 

Family  ULMAGSA. 

Genus  PLANERA  J.  F.  Gmelin. 

Planer  A  crenata  Newberry  (?). 

Planera  crenata.    Newberry,  U.  S.  Nat.  Mus.  Proc.,  vol. 
5,  p.  508,  1882. 
Newberry,  U.  S.  Geol.  Survey  Mon.  36,  p.  81,  pi.  57, 
fig.  3,  1898. 

Description, — Newberry  gave  the  following 
description  in  1882: 

Leaves  oblong,  ovate;  short  petloled;  5  centimeters  long 
by  25  milLLmeters  wide;  base  rounded;  summit  blunt- 
pointed;  margins  coarsely  crenate;  nervation  simple,  deli- 
cate, six  simple  branches  on  each  side  of  the  midrib  ter- 
minating in  the  crenations  of  the  margin. 

This  species  was  described  by  Newberry  from 
apparently  scanty  material  collected  by  Hay- 
den  from  the  Eocene  of  Tongue  River,  Mont. 
Only  a  single  specimen  was  figured.  A  single 
imperfect  leaf  from  the  Grenada  formation 
resembles  this  species  more  closely  than  it 
does  any  other  described  form.     It  is  the  same 

*  Saportai  G.  de,  and  Marion,  A.  F.,  op.  cit. 
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in  size  and  outline,  has  identical  venation,  and 
differs  merely  in  a  more  cuneate  base  and 
slightly  less  prominent  teeth.  The  material 
is  entirely  insufficient  for  certain  identification 
or  proper  diagnosis,  and  it  is  therefore  referred 
tentatively  to  this  species,  with  which,  in  so 
far  as  the  materials  in  hand  go,  it  is  practi- 
cally identical. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry). 

CoUecHon. — ^U.  S.  National  Museum. 

Family  MOBACEA. 
Genus  ARTOCARPOIDES  Saporta. 

Abtocabfoides  wilcoxensis  Berry,  n.  sp. 

Plate  CIX,  figure  5. 

Description. — Leaves  of  medium  size  for  this 
tribe,  eUiptical  in  general  outline,  widest  in  the 
middle  and  about  equally  pointed  at  the  apex 
and  base.  The  base  is  slightly  incurved,  how- 
ever, and  decurrent.  Margins  entire.  Tex- 
ture coriaceous.  Length  about  13  centimeters. 
Maximum  width  about  6.3  centimeters.  Peti- 
ole short  and  very  stout.  Midrib  stout  and 
straight,  very  prominent  on  the  lower  surface 
of  the  leaf.  Secondaries  mediumly  stout  but 
mostly  immersed  in  the  leaf  substance;  they 
diverge  from  the  midrib  at  very  irregular  inter- 
vals at  angles  of  about  50^,  pursue  a  prevail- 
ingly straight  ascending  course,  and  become 
much  attenuated  distad,  where  they  are 
camptodrome  a  considerable  distance  from  the 
margins.  Tertiaries  thin,  variable;  branches 
from  the  secondaries  and  from  the  midrib 
together  form  an  open,  prevailingly  quadrangu- 
lar network. 

This  species  is  not  abimdant  in  the  Wilcox 
and  is  confined  to  the  Puryear  locality.  It  was 
a  handsome  form  with  synmaetric  rigid  coria- 
ceous smooth  leaves.  With  regard  to  its 
botanic  affinity  it  appeare  to  be  congeneric 
with  the  species  of  Artocarpoides  described  by 
Saporta  from  the  Paleocene  of  Suzanne,  France. 
Schenk  ^  considers  these  to  be  forms  of  Juglan- 
dites,  but  I  fail  to  see  any  foundation  for  his 
contention.  It  is  possible  that  the  Wilcox  leaf 
is  not  congeneric  with  the  Suzanne  leaves,  but 
should  bo  referred  to  the  tropical  American 
genus  Brosimum  Swartz  (which  includes  about 

1  Schenk,  A.,  Palaeophytologie,  pp.  451, 477, 1890. 


8  existing  species  in  tropical  America,  ranging 
from  Mexico  and  the  West  Indies  to  Brazil), 
especially  as  it  differs  in  certain  particulars 
from  the  modern  entire-leafed  species  of  Arto- 
carpus.  It  is  certainly  not  related  to  Juglans 
but  is  as  certainly  a  member  of  the  Moracece, 
recalling  in  everything  except  its  venation 
numerous  forms  that  have  been  referred  to 
Ficus. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museimi. 

Genus  ARTOCARPUS  Ftf rater. 

Artocarpus  lessioiana  (Lesquereux)  Knowl- 

ton. 

Plate  XXVI,  figure  1. 

Myncaf  Lessigiana.    Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Bull.,  vol.  1,  p.  386,  1875  (1876). 
Lesquereux  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 
Kept,  for  1874,  p.  312,  1876. 
Myricat  Lusigii.     Lesquereux  (not  Lesquereux,  1888), 

The  Tertiary  flora,  p.  136,  pi.  64,  fig.  1,  1878. 
Artocarpus  lesHffiana,    Enowlton,  Science,  vol.  21,  p.  24, 
1892. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  152,  p.  42,  1898. 
Hollick,  in  Harris,  G.  D.,  and  Veatch,  A.  C,  A  pre- 
liminary report  on  the  geology  of  Louisiana,  p.  281, 
pi.  37,  1899. 

Description. — ^Leaves  large,  30  centimeters  in 
maximum  length  by  20  centimeters  in  maxi- 
mum width;  oblong  in  general  outline;  pin- 
nately  and  more  or  less  deeply  four  to  eight 
lobed.  The  lobes  differ  in  form,  are  oblong- 
lanceolate  in  outline,  and  are  separated  by 
narrow  to  broad,  rounded  sinuses.  The  lower 
lobes  are  directly  lateral,  and  they  become  more 
ascending  distad,  being  directed  upward  in  the 
apical  part  of  the  leaf.  Midrib  very  stout. 
Lateral  primaries  stout  but  much  less  prom- 
inent than  the  midrib,  subopposite  to  alternate, 
branching  from  the  midrib  at  a  wide  angle  in 
the  lower  part  of  the  leaf  and  at  more  acute 
angles  toward  the  apex,  one  traversing  each 
lobe  and  terminating  in  its  acute  tip.  Sec- 
ondaries thin,  camptodrome,  one  or  more  inter- 
calated between  successive  secondaries  and 
generally  several  from  the  lateral  primaries. 
As  a  rule  one  rims  directly  to  the  sinus  and 
joins  a  vein  that  constitutes  a  margijxal  hem  to 
the  sinus.  In  some  specimens  the  secondary 
misses  the  sinus  and  continues  as  a  mai^in  of 
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its  upper  limb.  Tertiaries  largely  immersed. 
The  type  specimen  which  I  have  had  the  pleas- 
ure of  seeing  in  the  Natioaal  Museum  collection 
is  admirably  depicted  byl^esquereux.*  The  finer 
venation  comes  out  better  in  this  specimen  than 
in  most  examples  of  the  species,  showing  mar- 
ginal festoons  and  internal  quadrangular  or 
polygonal  reticulation.     Texture  coriaceous. 

These  large  leaves,  at  first  described  as  gigan- 
tic leaves  of  a  Comptonia  (Myrica),  are  obvi- 
ously allied  to  the  modem  species  of  Artocar- 
pus,  especially  to  Artocarjms  incisa  F5rster. 
This  is  rendered  a  certainty  by  the  association 
of  fossil  fruits  characteristic  of  the  breadfruit 
with  leaves  of  this  type,  not  only  in  the  far 
north  (western  Greenland)  but  ako  in  Europe, 
as  well  as  by  petrified  wood  of  Artocarpus  from 
the  Tertiary  of  Antigua.  The  existing  species 
number  about  two  score  oriental  forms,  rang- 
ing from  Ceylon  throughout  Indo-Malaysia  to 
China,  and  now  represented  by  cultivated 
forms  in  all  tropical  countries.  The  fossil  rec- 
ord extends  back  to  the  Upper  Cretaceous, 
Nathorst '  having  described  a  fine  species,  rep- 
resented by  both  fruit  and  leaves,  from  beds 
of  this  age  in  Greenland  (latitude  70°  north). 
The  same  sagacious  student  of  fossil  plants 
first  pointed  out  the  botanic  affinity  of  our 
American  forms.  The  genus  is  represented  by 
Artocarpus  f  quercoides  Knowlton '  in  the  Fort 
Union  of  the  Yellowstone  Park,  by  Artocarpus 
califomica  Knowlton  *  from  the  Eocene  and 
Miocene  of  the  Pacific  coast  (California  and 
Oregon),  by  a  new  species  or  variety  in  the 
Alum  Bluff  formation  of  Florida,  and  by  an- 
other in  the  early  Eocene  of  the  Rocky  Moun- 
tain district.  In  Europe  several  species  range 
from  the  Upper  Cretaceous  to  the  Phocene. 
Their  extinction  in  that  continent  is  not  sur- 
prising, as  it  has  numerous  parallels,  but  it  is 
rather  remarkable  that  Artocarpus  did  not 
survive  in  the  American  Tropics,  for  the  mod- 
em forms  become  readily  acclimatized. 

Occurrence. — ^Wilcox  group,  one-fourth  mile 
above  Coushatta,  Red  River  Parish,  and  Vine- 
yard Bluff,  Cross  Bayou,  CJaddo  Parish,  La. 
(collected  by  G.  D.  Harris). 

CoUectioTis. — U.  S.  National  Museum;  New 
York  Botanical  Garden. 

^  Lesqoereax,  Leo,  The  Tertiary  flora,  pi.  64,  fig.  1, 1878. 
s  Nathorst,  A.  O.,  Kgl.  Svenska  Vetens.-Akad.  Handl.,  vol.  24,  pp.  1-10, 
pi.  1,1800. 
>  U.  S.  Qeol.  Survey  Hon.  32,  p.  716,  pL  92,  fig.  1, 1890. 
*  Sdenoe,  vol.  21,  p.  24, 1803. 


Artocarpus  pungens    (Lesquereux)  Hollick. 

Plates  XXV,  figure  1,  XXVII,  figure  1,  and  XXIX, 

figure  1. 

Aralia  pungens.  Lesquereux  (not  Lesquereux,  1888),  The 
Cretaceous  and  Tertiary  floras,  p.  123,  pL  19,  figs.  3, 
4,  1883. 

Artocarpus  pungens  (Lesquereux).  Hollick,  in  Harris, 
G.  D.,  and  Veatch,  A.  C,  A  preliminary  report  on 
the  geology  of  Louisiana,  p.  280,  pi.  38,  figs.  1,  2, 
1899. 

Description. — ^Leaves  large,  estimated  to  have 
been  at  least  30  centimeters  in  length  by  as 
much  in  width  from  tip  to  tip  of  the  lateral 
lobes;  pinnately  lobate,  flie  lower  lobes  ob- 
liquely ascending,  the  upper  directed  upward. 
Lobes  long,  linear,  acute,  separated  by  more 
or  less  broad  rounded  sinuses.  Margins  entire. 
Texture  coriaceous.  Midrib  stout  and  straight. 
Lateral  primaries  stout,  subopposite,  branch- 
ing from  the  midrib  at  angles  of  45°  below  and 
less  above,  one  running  to  tip  of  each  lobe. 
Secondaries  distinct,  one  running  directly  to 
each  sinus  and  joining  the  marginal  hem  that 
is  almost  invariably  present.  Tertiaries  mostly 
obsolete. 

The  species  differ  from  Artocarpus  lessigiana 
(Lesquereux)  Knowlton,  with  which  it  is  often 
confused  by  its  more  orbicular  general  form 
and  in  the  great  elongation  and  narrowness  of 
the  lobes,  which  are  also  more  ascending  and 
are  separated  by  more  open  sinuses. 

The  present  form  was  described  from  the 
Denver  formation  of  Colorado  by  Lesquereux 
in  1883  as  a  species  of  Aralia.  It  was  subse- 
quently referred  to  Artocarpus  by  Knowlton, 
who  united  it  with  Artocarpus  lessigiana,  from 
which,  however,  it  is  clearly  distinct,  as  may  be 
readily  seen  by  a  comparison  of  my  figures  of 
the  two  species. 

This  form  is  rather  common  in  the  friable 
sandy  clays  exposed  about  1  mile  northwest  of 
Benton,  but  it  was  impossible  to  obtain  any  but 
fragmentary  specimens,  the  most  complete 
being  the  one  shown  in  Plate  XXIX,  figure  1, 
reproduced  from  a  careful  sketch  made  at  the 
pit,  since  it  was  feared  that  the  specimen  would 
become  broken  during  shipment,  which  sub- 
sequently happened.  It  is  also  represented  by 
a  nearly  complete  leaf  from  Coushatta,  La., 
contained  in  the  collections  of  the  New  York 
Botanical  Garden,  which  I  am  enabled  to  figure 
through  the  courtesy  of  Dr.  Arthur  Hollick, 
as  well  as  by  considerable  fragmentary  material. 
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Occurrence, — Grenada  formation,  Grenada  ( ? ) , 
Grenada  County,  Miss,  (collected  by  E.  N.  Lowe 
and  E.  W.  Berry).  Wilcox  group,  1  mile  north- 
west of  Benton  on  Military  road  (Hyten  pit). 
Saline  County,  Ark.  (collected  by  E.  W.  Berry) ; 
one-fourth  mile  above  Coushatta,  Red  River 
Parish,  La.  (collected  by  A.  C.  Veatch);  sec.  11, 
T.  12  N.,  R.  12  W.  (collected  by  L.  C.  Chap- 
man) ;  and  2  miles  south  of  Naborton,  De  Soto 
Parish,  La.  (collected  by  O.  B.  Hopkins). 

Collections. — ^U.  S.  National  Museum;  New 
York  Botanical  Garden. 

Artocakpus  dubia  Hollick. 

Plates  XXIX,  figure  2,  and  CXIII,  figures  1  and  2. 

Artocarpus  dubia.  Hollick,  in  Harris,  G.  D.,  and  Veatch, 
A.  C,  A  preliminary  report  of  the  geology  of  Louisi- 
ana, p.  281,  pi.  38,  fig.  3,  1899. 

Description. — ^Leaves  relatively  small, 
broadly  ovate,  variable  in  size  and  outline, 
normally  trilobate  through  the  development  of 
a  narrow  oblique  lateral  sinus  in  the  middle 
part  of  the  leaf  on  each  side,  which  extends 
about  half  the  distance  to  the  midrib  and  is 
narrowly  roimded  proximad,  with  approxi- 
mately parallel  sides.  In  some  specimens  this 
sinus  is  not  developed  on  one  side,  which  is  then 
entire.  Terminal  lobe  very  broadly  ovate  in 
outline,  inequilateral,  acutely  pointed.  Basal 
lateral  lobes  unsymmetric,  but  slightly  pro- 
duced, directed  outward  and  upward,  with 
short,  slightly  curved  distal  margins  and  long 
and  fully  rounded  outside  margins,  their  tips 
bluntly  pointed  or  rounded.  Length  ranges 
from  11  to  14  centimeters.  Maximum  width, 
from  tip  to  tip  of  the  lateral  lobes,  5  to  10.5 
centimeters.  Apical  lobe  from  7  to  9  centi- 
meters in  length  and  from  3.5  to  6  centimeters 
in  maximum  width.  Base  broadly  cimeate. 
Leaf  margin  as  a  whole  entire  but  irregularly 
undulate.  Midrib  stout  and  prominent  on  the 
lower  siu^ace  of  the  leaf.  Secondaries  thin,  10 
to  12  pairs,  branching  from  the  midrib  at  angles 
of  45°  or  more  and  nearly  straight  except  near 
the  margins.  A  craspedodrome  secondary 
runs  to  the  tip  of  each  lateral  lobe,  and  the 
others  are  camptodrome,  becoming  normally 
attenuated  and  almost  imperceptibly  merging 
in  the  tertiary  areolation.  Tertiary  system 
more  or  less  obscured ;  where  seen  it  shows 
nearly  straight  percurrent  nerviUes  with  straight 


cross  nerviUes,  together  forming  approximately 
rectangular  areolae. 

This  leaf  is  much  smaller  than  most  leaves 
that  are  referred  to  Artocarpus  and  '*  may 
possibly  represent  a  young  or  small  leaf  of 
Artocarpus  lessiffiana  (Lesquereux)  Knowlton, 
with  which  it  is  usually  associated,  or  it  may  be 
an  abnormal  leaf  of  that  species.  The  present 
form  is  not  abundant  and  is  confined  to  the 
western  Gulf  region  and  consequently  to  the 
upper  Wilcox.  It  is  represented  by  several 
specimens  and  it  preserves  its  essential  features 
from  locality  to  locality  so  that  if  not  a  true 
botanical  species  it  is  a  form  readily  recognizable 
wherever  found. 

Occurrence. — Wilcox  group,  left  bank  of  Red 
River,  one-fourth  mile  above  Coushatta,  Red 
River  Parish,  La.  (collected  by  G.  D.  Harris); 
li  miles  southeast  of  Naborton  (collected  by 
O.  B.  Hopkins)  and  sec.  11,  T.  12  N.,  R.  12  W. 
(collected  by  L.  C.  Chapman),  De  Soto  Parish; 
and  Shreveport,  Caddo  Parish,  La.  (collected 
by  O.  B.  Hopkins). 

Collections. — ^U.  S.  National  Museum;  New 
York  Botanical  Garden. 

Genus  PSEUDOLMEDIA  Tr^cuL 

PsEUDOLMEDiA  EOCENiCA  Berry,  n.  sp. 

Plates  XXVII,  figure  3,  and  XXVIII,  figure  2. 

Description. — Leaves  oblong-lanceolate  in 
outline,  ranging  from  7  to  12  centimeters  in 
length  and  from  1.75  to  2.25  centimeters  in 
maximum  width,  which  is  in  the  middle  part 
of  the  leaf.  Base  narrowly  cuneate  pointed. 
Apex  gradually  narrowed  and  produced  as  an 
elongate  acumen.  Margin  entire,  more  or  less 
undulate,  partly  because  more  or  less  revolute. 
Midrib  very  stout.  Secondaries  stout,  nu- 
merous, at  intervals  of  3  to  5  millimeters, 
diverging  from  the  midrib  at  wide  angles, 
almost  90°,  pursuing  a  straight  course  to  the 
mai-ginal  region,  where  their  tips  are  con- 
nected by  flat  arches.    Texture  coriaceous. 

This  species  has  leaves  of  a  typo  ordinarily 
referred  to  the  genus  Ficus,  some  forms  of 
which  it  greatly  resembles,  as,  for  example,  the 
existing  Ficus  cuspiduta  Blume  of  the  East 
Indies.  It  also  resembles  the  leaves  of  several 
species  of  the  alhed  genus  Olmedia  but  is  most 
similar  to  the  closely  related  genus  Pseudol- 
media    Tr6cul,    especially    the    West    Indian 


URTICALES. 


19T 


species  Psevdolmedia  spuria  Grisebach,  which 
has  leaves  exactly  like  those  of  the  fossil  species, 
with  the  same  stout  right-angled  secondaries, 
flat  lateral  arches,  and  tertiary  venation.  The 
apical  point  has  the  same  shape  as  in  the  fossil 
and  is  similarly  extended,  but  the  ultimate 
point  is  not  as  acute  as  in  the  fossil.  The 
genus  Pseudolmedia  comprises  about  5  species 
in  the  existing  flora,  which  inhabit  the  West 
Indies,  Central  America,  and  tropical  South 
America. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Genus  FICUS  Linii^. 

Broad  leaves  palmately  veined: 
Very  large: 

Over  15  centimeters  in  width Ficua  sp. 

Less  than  15  centimeters  in  width. 

Fiats  neoplanicostata. 
Under  12  centimeters  in  width: 

Primaries  5,  basilar Ficus  psevdopopulus. 

Primaries  3,  basilar Ficus  harrisiana. 

Primaries  3,  suprabasilar: 

Large  leaves Ficus  planicostata  maxima. 

Small  leaves Ficus  ocdderUalis, 

Ficus  cinnamxmioides. 
Narrower  and  more  elongated  leaves  with  pinnate  vena- 
tion: 
Leaves  broadest  below  the  middle: 
Not  over  7  centimeters  wide: 

Secondaries  remote Ficus  schimperi. 

Secondaries  closer Ftctis  denveriana. 

Over  7  centimeters  wide: 

Outline  regular,  secondaries  numerous. 

Ficus  monodon. 
Constricted  medianly,  secondaries  remote. 

Finis  iHinghani. 
Leaves  broadest  medianly,  tapering  to  both  ends: 

Nearly  as  wide  as  long Ficus  artocarpoides. 

Much  longer  than  wide,  pointed  at  both  ends: 
Large  leaves  with  numerous  subparallel  sec- 
ondaries less  than  5  millimeters  apart. 

Ficus  eolignitica. 
Linear-lanceolate,    tip   more   pointed   than 
base,  secondaries  close,  conspicuous  margi- 
nal veins Ficus  myrtifoluis. 

Lanceolate    or    oblong-lanceolate,    equally 
'  pointed  at  both  ends: 

Secondaries  close Fiais  wilcoxensis. 

Secondaries  remote: 
Large  leaves. 

Ficus  puryearensis  elongata. 
Small  narrow  leaves: 
Oblong-lanceolate. 

Funis  pseudolmediafolia. 
Acuminate-lanceolate. 

Ficus  ps€udociu<pidata. 


Ficus  pseudocuspidata  Berry,  n.  sp. 

Plate  XXVIII,  figure  1. 

Description. — ^Leaves  small,  lanceolate  in 
general  outline,  widest  in  the  middle  and  acu- 
minate at  both  ends.  Margins  regular  and 
entire.  Texture  subcoriaceous.  Length  about 
10  centimeters.  Maximum  width  about  2 
centimeters.  Petiole  short  and  very  stout,  not 
over  5  millimeters  in  length.  Midrib  stout  and 
straight,  prominent  on  the  lower  surface  of  the 
leaf.  Secondaries  stout,  prominent  on  the 
lower  surface  of  the  leaf,  widely  but  regularly 
spaced,  alternate  except  in  the  base  of  the  leaf; 
they  diverge  from  the  midrib  at  wide  angles, 
approximately  of  quite  90°,  pursue  a  straight 
course,  and  have  their  ends  connected  by 
broad  flat  camptodrome  arches.  Tertiaries 
obsolete. 

This  characteristic  little  species  is  named 
from  its  resemblance  to  the  existing  oriental 
Ficus  cuspidata  Blume.  It  may  also  be  com- 
pared with  a  number  of  existing  species  of 
northern  South  America.  Among  the  members 
of  the  Wilcox  flora  it  resembles  Pseudolmedia 
eocenica  Berry  but  is  readily  distinguishable, 
especially  in  its  venation  characters,  as  is  ob- 
vious when  the  figures  of  the  two  are  compared. 

Occurrence. — L^agrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Ficus  occiDENTALis  (Lcsqucrcux)  Lesquereux. 

Plate  XXVIII,  figure  3. 

Donibeyopsis  occidentalism  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1872,  p.  380, 
1873. 

Ficas  occidentalis  (Lesquereux).  Lesquereux,  The  Ter> 
tiary  flora,  p.- 200,  pi.  32,  fig.  4, 1878. 

Description. — ^This  species  was  described  by 
Lesquereux  in  the  following  terms: 

Leaves  comparatively  thick,  coriaceous,  truncate-cor- 
date at  the  base,  narrowed  upward  into  an  obtuse  aciunen, 
palmately  triple  nerved;  lateral  veins  equidistant,  parallel, 
camptodrome. 

The  species  is  found  in  the  Denver  formation 
at  Golden,  Colo.,  and  occurs  sparingly  in  the 
Ackerman  formation  of  northern  Mississippi. 
The  leaves  of  the  form  from  Mississippi  are 
somewhat  smaller  than  those  from  the  Rocky 
Mountains,  averaging  about  8  centimeters  in 
length  by  6  centimeters  in  maximum  width, 
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and  the  two  fonns  may  represent  distinct  spe- 
cies, although  they  are  identical  except  in  size. 
The  venation  is  prominent. 

The  present  species  is  closely  related  to  Fieas 
planicostaia  Lesquereux,  as  well  as  to  the  Wil- 
cox species  Ficus  harrisiana  HoUick,  which  is 
widest  in  the  middle  instead  of  at  the  base  and 
narrows  both  distad  and  proximad.  The  vena- 
tion, though  of  the  same  general  character, 
shows  well-marked  differences  of  detail. 

Occurrence. — ^Ackerman  formation.  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  N.  Lowe  and 
E.  W.  Berry). 

Collection. — U,  S.  National  Museum. 

FiCUS   DENVEBIANA  Cockcrcll. 

Ficu8  apectabiUs.    Lesquereux  (now  Kunth  and  Bouch^, 

1847),  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 

Kept,  for  1872,  p.  379,  1873. 
Lesquereux,  The  Tertiary  flora,  p.  199,  pL  33,  figs. 

4-6,  1878. 
Lesquereux,  U.  S.  Nat.  Mus.  Proc.,  voL  11,  p.  25, 1888. 
Launi8  lUaherma.    Lesquereux,  IT.  S.  Nat.  Mus.  Proc., 

vol.  11,  p.  24,  1888. 
Ficus  goldiana,    Lesquereux,  idem,  p.  25  (specimen  No. 

2471). 
Ficus  denveriana.    Cockerell,  Torreya,  vol.  10,  p.  224, 1910. 

Description. — ^This  species  was  described  by 
Lesquereux  from  the  Denver  formation  and 
was  based  in  the  first  instance  on  the  lai^e  leaf 
shown  in  Plate  XXXIII,  figure  5,  of  **  The  Ter- 
tiary flora.' ^  Subsequently  leaves  of  all  sizes 
and  showing  a  considerable  range  of  variation 
were  referred  to  this  species.  It  is  present  in 
considerable  abundance  in  the  western  half  of 
the  Mississippi  embayment  area  and  may  be  re- 
characterized as  follows :  Leaves  ranging  from  6 
to  15  centimeters  in  length  and  from  2.25  to  8.5 
centimeters  in  maximum  width,  which  is  at 
or  more  commonly  below  the  middle;  broadly 
ovate  in  outline,  with  a  somewhat  extended 
acuminate  tip  and  a  broadly  rounded,  slightly 
decurrent  base.  Margins  entire.  Texture  cori- 
aceous. Midrib  stout,  prominent  on  the  lower 
surface  of  the  leaf.  Secondaries  of  medium  size, 
numerous,  opposite  to  alternate,  close  or  some- 
what remotely  placed,  generally  subparallel,  di- 
verging from  the  midrib  at  angles  of  about  45°, 
camptodrome  in  the  marginal  region.  The 
lower  pair  may  be  opposite  and  somewhat 
stouter,  with  outside  lateral  camptodrome 
branches,  thus  simulating  a  palmately  tri- 
veined  leaf.  This  is  true  in  some  of  the  Loui- 
siana material  as  well  as  in  some  of  the  type 


material  from  the  Denver  formation.  More 
commonly  the  secondaries  are  all  similar  and 
subparallel. 

This  species  makes  its  appearance  in  the 
Midway  ( ?)  formation  at  Earle,  Tex.,  as  well  as 
in  the  basal  Eocene  of  the  Rocky  Moimtain 
province  (Raton  formation).  It  continues 
throughout  the  Wilcox  group  in  Arkansas  and 
Louisiana  and  in  beds  of  Wilcox  age  in  Ken- 
tucky but  has  not  been  detected  in  the  eastern 
Gulf  area. 

Occurrence. — Wilcox  group,  Scarboroughs, 
Clay  County,  Ark.  (collected  by  J.  C.  Branner), 
Campbell's  quarry.  Cross  Bayou,  Caddo  Parish, 
La. ;  McLees,  2  miles  north  of  Mansfield,  De  Soto 
Parish,  La.  (collected  by  L.  C.  Johnson) ;  and 
one-fourth  of  a  mile  above  Coushatta,  Red 
River  Parish,  La.  (collected  by  E.  W.  Berry). 
Lagrange  formation  (in  beds  of  Wilcox  age), 
WickliflFe,  Ballard  County,  Ky.  (collected  by 
L.  C.Glenn). 

Collections. — ^U.  S.  National  Museum. 

Ficus  cinnamomoides  Lesquereux. 

Ficu8   dnnamoTnoides.    Lesquereux,    Am.    Philos.    Soc. 
Trans.,  vol.  13,  p.  417,  pi.  17,  fig.  8,  1869. 

Description. — Lesquereux  in  1869  gave  the 
following  description: 

F.  foliis  late  ovatis,  basi  rotundatis,  integernmis,  irregu- 
lariter  trinerviis;  nervo  medio  arcuato,  nervis  secundariis 
crafisis,  angulo  acute  sdnu  obtuso  egredientibus,  subtus 
ramoeis. 

This  species  was  founded  on  a  single  incom- 
plete specimen  collected  by  Hilgard  about 
1860  and  since  lost.  I  have  been  imable  to 
correlate  it  with  any  of  the  forms  in  the  large 
collections  from  the  Wilcox  that  have  been 
studied  by  me. 

Occurrence. — ^'Soft  white  clay,  Lafayette 
County,  Miss.*'  This  means  that  it  was  from 
the  HoUy  Springs  sand  at  Oxford  or  the  Acker- 
man  formation  at  Raglands  Branch,  southeast 
of  Oxford  (collected  by  E.  W.  Hilgard). 

Collection. — Type  lost;  formerly  at  the  State 
University,  Oxford,  Miss. 

Ficus    NEOPLANICOSTATA    KnOWltOD. 

Plate  CXIV,  figure  1. 

Description. — This  species  was  identified  for 
me  by  F.  H.  Knowlton,  who  has  fully  described 
it  in  his  unpublished  paper  on  the  Raton  Mesa 
flora. 
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Occurrerice. — ^Wilcox  group,  sec.  11,  T.  12  N., 
R.  12  W.  (collected  by  L.  C.  Chapman),  and 
8ec.  13,  T.  12  N.,  R.  12  W.  (collected  by 
G.  C.  Matson  and  O.  B.  Hopkins),  De  Soto 
Parish,  La. 

Collections. — ^U.  S.  National  Museum. 

Ficus  PLANicosTATA  MAXIMA  Bcny,  u.  vaT. 

Plate  XXXlV,'figure3. 

Ficus  planicostata.  Leequereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1872,  p.  393,  1873. 

Leequereux,  The  Tertiary  flora,  p.  201,  pi.  31,  figs.  1-8, 
10-12,  1878. 

Hollick  in  Harris,  G.  D.,  and  Veatch,  A.  C,  A  pre- 
liminary report  on  the  geology  of  Loxiisiana,  p.  282, 
pi.  36. 

Ettingshausen,  Roy.  Soc.  London  Proc.,  vol.  30,  p. 
232,  1880. 

Description. — Lesquereux  in  1878  described 
this  species  as  follows: 

Leaves  of  medium  size,  subcoriaceous,  entire,  elliptical 
or  broadly  oval,  slightly  acuminate  or  obtuse,  rounded  to  a 
short,  thick  petiole,  palmately  three-nerved  from  the  top 
of  the  petiole,  rarely  from  a  short  distance  above  the  base; 
primary  and  secondary  nerves  broad,  flat,  all  camptodrome, 
as  well  as  their  divisions. 

As  remarked  by  Lesquereux,  and  as  is  well 
shown  by  his  figures,  this  species  is  extremely 
variable.  To  it  Hollick  referred  a  leaf  from 
Louisiana  that  is  identical  with  the  western 
leaves  except  that  it  is  larger,  having  an  esti- 
mated length  of  15  centimeters  and  a  maximum 
width  of  11  centimeters,  which  has  prompted 
me  to  give  it  the  varietal  name  of  maxima, 
Lesquereux  states  that  the  largest  leaf  in  his 
abundant  western  collections  was  12  centi- 
meters in  length  and  7  centimeters  in  maximum 
width. 

The  type  material  was  abimdant  at  Black 
ButteSjWyo.,  occurring  also  at  Point  of  Rocks, 
Wyo.,  and  in  the  Denver  formation  at  Golden, 
Colo.  It  is  not  an  abundant  form  in  the  Wil- 
cox flora  and  is  very  likely  to  be  confused  with 
Ficus  vaughani  Berry;  in  fact  it  is  not  certain 
that  the  two  do  not  represent  the  foliage  of  a 
single  species  of  Ficus,  although  I  consider  this 
very  doubtful.  It  was  recorded  by  Ettings- 
hausen from  the  Ypresian  of  Alum  Bay,  but  as 
the  specimens  were  neither  described  or  figured 
the  determination  can  not  be  verified,  although 
it  is  not  inherently  improbable. 

Occurrence, — Wilcox  group,  Slaughter  Pen 
Bluffy  Cross  Bayou,  Caddo  Parish,  La.  (collected 


by  A.  C.  Veatch);  sec.  7,  T.  12  N.,  R.  11  W., 
De  Soto  Parish,  La.  (collected  by  G.  C.  Matson 
and  E.  H.  Finch) ;  and  Old  Port  Caddo  Landing, 
Little  Cypress  Bayou,  Harrison  County,  Tex. 
(collected  by  T.  W.  Vaughan).  Lagrange  for- 
mation (in  beds  of  Wilcox  age),  Puryear,  Henry 
County,  Tenn.  (collected  by  E.  W.  Berry). 

Collections. — ^Western  types,  U.  S.  National 
Museum.  Wilcox  figured  specimen.  New  York 
Botanical  Garden. 

Ficus  PLANICOSTATA  LATiFOLiA  Lesquereux. 

Fieas  planicostata  latifolia.  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.,  1872,  p.  393,  1873. 
Lesquereux,  The  Tertiary  flora,  p.  202,  pi.  21,  fig.  9, 
1878. 

Ficus  latifolia  (Lesquereux).  Enowlton,  U.  S.  Geol.  Sur- 
vey Bull.  152,  p.  102,  1898. 

Description, — This  form  was  described  by 
Lesquereux  from  two  specimens  which  differed 
from  the  associated  and  abundant  FiciLS  plani- 
costata in  their  somewhat  larger  size,  relative 
shortness,  greater  width,  and  their  truncate  or 
subcordate  base.  The  material  from  the  Wil- 
cox is  considerably  larger  in  size  and  may  be 
characterized  as  follows:  Leaves  of  medium  to 
large  size,  orbicular  or  transversely  eUiptical  in 
general  outline.  Character  of  the  apex  unknown. 
Base  broadly  truncated  or  slightly  cordate. 
Margins  entire,  fuU  and  evenly  rounded.  Tex- 
ture coriaceous.  Length  ranges  from  about  8.5 
to  1 2  centimeters.  Maximum  width  ranges  from 
10  to  13  centimeters.  Petiole  very  stout. 
Midrib  stout,  prominent  on  the  lower  surface  of 
the  leaf,  A  stout  lateral  primary  diverges  from 
the  midrib  on  either  side  at  its  extreme  base  at 
angles  of  about  40°  to  50°.  These  primaries 
curve  upward  and  are  camptodrome  in  the 
marginal  region;  they  are  prominent  on 
the  lower  surface  of  the  leaf  but  are  not 
as  stout  as  the  midrib;  they  give  off,  at 
regular  intervals  on  the  outside,  stout  camp- 
todrome secondaries,  which  increase  in  curv- 
ature distad,  the  lowest  pair  being  sub- 
parallel  with  the  basal  margins  and  diverging 
from  the  primary  only  about  5  millimeters 
above  the  midrib,  a  less  distance  than  in  the 
specimens  from  Golden,  Colo.  Secondaries 
from  the  midrib  stout,  ascending,  camptodrome, 
two  or  three  subopposite  prominent  pairs. 
Tertiaries  thin,  percurrent,  typical  of  the  Ficits 
planicostata  type  of  leaf. 
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Thus  far  these  leaves  have  only  been  found 
in  the  later  Wilcox  of  the  western  embayment. 
That  they,  as  well  as  several  other  forms,  are 
not  represented  in  the  very  large  collections 
from  the  Wilcox  deposits  of  the  eastern  embay- 
ment would  seem  to  indicate  a  shghtly  different 
floral  f  acies  to  the  westward  and  also  an  appar- 
ently freer  intermigrational  conmiunication 
with  the  Rocky  Mountain  province. 

Knowlton  in  1898  raised  this  variety  of 
Lesquereux  to  specific  rank,  but  it  seems  to  me 
to  differ  from  FiciLS  planicostaia  merely  in  a 
varietal  way.  Ficus  planicostaia  is  certainly  a 
variable  form  and  it  may  possibly  be  poly- 
morphous. I  would  not  be  surprised  if  the 
Wilcox  variety  maxima  represented  the  western 
tjrpe,  whose  larger  size  and  more  robust  form 
merely  reflected  the  optimum  conditions  along 
the  Wilcox  coast,  since  it  differs  from  the  west- 
em  planicostaia  in  the  same  respect  that  the 
Wilcox  latifolia  differs  from  the  latifolia  of 
Colorado. 

Occurrence. — Wilcox  group,  Shreveport,  Cad- 
do Parish,  La.  (collected  by  O.  B.  Hopkins). 

Collection. — U.  S.  National  Museimi. 

Ficus  AETocARPOiDEs  Lesqucreux? 

Plate  XXXIV,  figure  2. 

Ficus  artocarpoides.    Leequereux,    The   Cretaceous  and 
Tertiary  floras,  p.  227,  pi.  47,  figs.  1-6, 1883. 
Hollick,  in  Harris,  G.  D.,  and  Veatch,  A.  C,  A  pre- 
liminary report  on  the  geology  of  Louisiana,  p.  281, 
pi.  35,  fig.  4,  1899. 

Descriptian. — ^Leaves  large,  elliptical,  sub- 
coriaceous,  rounded  distad  and  broadly  rounded 
or  subcordato  proximad;  midrib  thick;  sec- 
ondaries numerous,  thin,  curved,  ascending, 
camptodrome;  and  tertiaries  numerous,  fine, 
percurrent. 

This  species  was  doubtfully  determined  from 
Louisiana  by  HoUick  in  1899.  No  new  mate- 
rial has  been  collected,  so  that  the  species  is 
included  in  the  present  work  with  a  query, 
although  as  far  as  the  incomplete  material  goes 
it  is  identical  with  the  western  specimens, 
which  come  from  the  *' Badlands  of  Dakota,'' 
now  known  to  be  in  the  Fort  Union  formation. 
It  also  occurs  in  the  Raton  formation. 

Occurrence. — Wilcox  group,  one-fourth  of  a 
mile  above  Coushatta,  Red  River  Parish,  La., 
(collected  by  A.  C.  Veatch). 

Collection. — New  York  Botanical  Garden. 
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Ficus  PSEunopopuLUs  Lesquereux. 

Platee  XXXVII,  figures  3-5;  CXIII,  figure  3. 

Ficus  psewdopojmlus.    Lesquereux,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Ann.  Rept.  for  1874,  p.  313, 1876. 
Lesquereux,  The  Tertiary  flora,  p.  204,  pi.  34, 

1,  2,  1878. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  (MS.). 

Description. — Palmately    veined    leaves 
medium  size,  broadly  ovate  in  general  outline, 
narrowed  and  acuminate  at  the  apex,  broadly 
rounded  or  truncate,  and  more  or  less  decurrexit, 
at  the  base.     Length  about  12  or  13  cent\— 
meters.    Maximum  width,   at   or  below    ti\io 
middle,   about  6  to  7  centimeters.    Margins 
entire.    Texture  subcoriaceous.     Petiole  sto-^xt, 
curved,    about    1.5    centimeters    in 
Primaries  three,   curved,   the  midrib  stoi 
than  the  laterals.     Lateral  primaries,  om 
each  side,  diverging  from  the  midrib  just 
the  top  of  the  petiole  at  angles  of  about 
ascending,  and  camptodromely  joining  a 
ondary  two-thirds  or  more  of  the  distance 
the  base  to  the  tip.     Secondaries  from 
upper  half  of  the  midrib,  four  or  five  alter-: 
curved  pairs,   diverging  from  the  midri^ 
acute  angles,  becoming  subparallel  with, 
lateral  margins  distad,  and  arching  along 
in  a  camptodrome  manner.     Secondaries 
the  outer  side  of  the  lateral  primaries,  i 
seven  on  each  side,  thin  and  camptodrome^ 
lowest  on  each  side  longer,  stouter,  and 
ascending  than  the  others,  diverging  at  oi 
above  the  top  of  the  petiole.    Tertiaries 
percurrent  at  right  angles  to  primaries 
secondaries. 

This  well-marked  species  of  Ficus 
described  by  Lesquereux  from  Evanston,  "VV^y^-* 
and  is  very  abundant  in  the  Raton  formati<^^"^  ^} 
the  southern  Rocky  Moimtain  province.  1 1>  ^ 
markedly  distinct  from  the  other  figs  Icrx^^'^^ 
from  the  Wilcox  group,  the  only  rencxo'^^^y 
similar  form  being  Ficus  planicostaia  rrt^MEr*'^^ 
Beny,  recorded  from  Caddo  Parish,  La.  I'*'  ^^» 
however,  a  type  common  in  the  lower  Eo^^^® 
of  the  Rocky  Mountain  province,  where  i*" 
represented  by  Ficus  occidentalis  Lesque] 
and  by  some  of  the  forms  of  Ficus  spa 
Lesquereux'  and  Ficus  planicostaia  cli"'^^^^^ 
(Lesquereux)  Knowlton.'    The  Wilcox  sp^^^^ 

» Lesquereux,  Leo,  The  Tertiary  flora,  p.  200,  pL  32,  flg.  4,  \87S. 
'Idem,  p.  199,  pi.  33,  Ars.  4-6. 
•Idem,  p.  202,  pi.  33,  figs.  1-3. 
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is,  however,  more  elongated  and  more  distinctly 
triveined.  Among  foreign  species  it  is  closely 
comparable  with  Ficus  micJieloti,  which  is 
described  b}^  Watelet  *  from  the  Thanetian  of 
the  Paris  basin.    . 

The  Wilcox  material  from  Hatchie  River 
near  Shandy  is  preserved  in  clay  ironstone  and 
is  very  fragmentary:  the  complete  leaf  figured 
is  a  composite  of  drawings  of  several  incomplete 
specimens.  It  is  also  found  in  a  fragmentary 
condition  in  the  clays  at  Puryear. 

Occurrence. — Wilcox  group,  1^  miles  north- 
east of  Mansfield,  sec.  28,  T.  13  N.,  R.  12  W. 
(collected  by  L.  C.  Chapman),  and  If  miles 
west,  2f  miles  southeast,  5  miles  southeast,  and 
2  miles  south  of  Naborton,  De  Soto  Parish,  La. 
(collected  by  G.  C.  Matson  and  O.  B.  Hopkins). 
Lagrange  formation  (in  beds  of  Wilcox  age), 
Puryear,  Henry  County  (collected  by  E.  W. 
Berry),  and  Hatchie  River  near  Shandy,  Harde- 
man County,  Tenn.  (collected  by  L.  C.  John- 
son). 

CoUectiona. — ^U.  S.  National  Museum. 

FiCTJS   HARRISIANA   Hollick, 

Plate  XXXIV,  figure  1. 

Picas  goldiana  liesquereux.    Leequereux,  U.  S.  Nat.  Mils. 

Ppoc.,  vol.  11,  p.  25,  1888. 
Picui  Harrisiana.    Hollick,  in  Hania,  G.  D.,  and  Veatch, 

A.  €.,  A  preliminary  report  on  the  geology  of  Louifd- 

ana,  p.  281,  pi.  46,  fig.  2,  1899. 

Description. — ^Hollick  in  1899  gave  the  fol- 
lowing description: 

Leaf  about  3)  inches  long  by  3}  inches  broad  across  the 
middle;  constricted  to  a  blunt  (?)  apex  and  wedge-shaped 
at  the  base;  margin  entire  and  wavy;  three-nerved  from 
the  base  and  with  two  pairs  of  prominent  subopposite  sec- 
ondaries above;  midrib  strongest,  basal  nerves  branched 
from  the  lower  side;  all  nervation  finally  thinning  out  and 
inosculating  near  the  margin,  tertiary  nervation  mainly  at 
right  angles  to  the  primaries,  secondaries,  and  subseconda- 
ries,  but  broken  in  places  by  finer  cross  reticulations. 

I  fuUy  share  Hollick's  doubts  regarding  the 
reference  of  this  leaf  to  Ficus,  although  it  is 
not  unlike  Ficus  ocddentalis  Lesquereux '  and 
Ficus  planicostaia  dimtoni  (Lesquereux)  Baiowl- 
ton  ^  from  the  Denver  formation  at  Golden, 
Colo.  Ficus  planicostata  clinioni  is  a  slightly 
more  elongate  and  coarser  leaf.  Hollick  com- 
pares the  material  from  Louisiana  with  Aralia 

*  Watelet,  A.,  Descriptions  des  plantes  lossiles  du  bassin  de  Paris,  p. 
157,  pi.  44,  flgs.  4, 5, 1866. 

*  L«Bquereiix,  Leo,  The  Tertiary  flora,  p.  200,  pi.  32,  fig.  4, 1878. 
>  Idem,  p.  202. 


and  Hedera,  and  I  would  suggest  the  possibility 
that  it  represents  a  form  of  the  family  Legu- 
minosaB,  so  strikingly  represented  in  the  Wilcox 
flora.  It  may  also  be  compared  with  certain 
species  of  the  genus  Buttneria  Linn6  of  the 
SterculiaceaB. 

Two  specimens  (U.  S.  National  Museiun  Nos. 
2471,  2472)  collected  by  L.  C.  Johnson  on  Ooss 
Bayou  were  referred  by  Lesquereux  to  Ficus  , 
goldiana.^  Neither  specimen  belongs  to  that 
species,  which  is  now  known  as  Ficus  spectaMlis 
dintoni.^  No.  2471  is  nothing  like  Ficus  gol- 
diana and  is  referable  to  Ficus  spectaMlis  Les- 
quereux. No.  2472,  though  much  like  the  Den- 
ver species  with  which  it  was  confused,  is  refer- 
able to  Ficus  Twrrisiana  species.  It  is  of  inter- 
est to  note  that  Lesquereux's  label  reads ' '  Ficus 
goUiana  var." 

Occurrence. — Wilcox  group,  Vineyard  Bluff, 
Cross  Bayou  (ooUected  by  O.  B.  Hopkins  and 
A.  C.  Veatoh) ;  Campbell's  quarry.  Cross  Bayou, 
Caddo  Parish,  La.  (collected  by  L.  C.  Johnson) ; 
1  mile  northeast  of  Rockdale  Church;  and  sec. 
28,  T.  13  N.,  R.  12  W.,  De  Soto  Parish,  La. 
(collected  by  G.  C.  Matson  and  O.  B.  Hopkins). 

Collections. — U.  S.  National  Museum;  New 
York  Botanical  Garden. 

Ficus  MONODON  (Lesqucreux) . 

Platee  XXXII,  figure  2,  and  XXXIII,  figuro  2. 

Popultts  monodon.  Lesquereux  (not  Lesquereux,  1878), 
Am.  Philoe.  Soc.  Trans.,  vol.  13,  p.  413,  pi.  15,  f. gs. 
1,  2,  1869. 

Description. — Lesquereux  in  1869  published 
the  following  description: 

P.  foliis  longis,  latkque,  lamina  sexpolicari  et  ultra,    ' 
deltoideo  acuminatis,  margine  undulatis,  vel  parce  irregu- 
lariter  obtuse  lobatis,  nervo  medio  crasso,  nervis  lateralibus 
apertis,  arcuatis. 

This  species  was  described  from  the  two 
specimens  figured  by  Lesquereux  in  1869,  the 
larger  of  which  (shown  in  Lesquereux's  fig.  1) 
has  been  available  for  study  by  the  present 
writer.  Subsequently  Lesquereux  •  referred 
specimens  from  the  Raton  Mountains,  N.  Mex., 
to  this  same  species.  These  specimens  were  not 
identical  with  the  type  material,  as  Knowlton 
has  pointed  out,^  and  he  divides  the  material 
from  New  Mexico  which  Lesquereux  identified 

*  Idem,  pi.  33,  figs.  1-3. 

ft  Knowlton,  F.  H.,  U.  S.  Oeol.  Survey  Bull.  152,  p.  103, 1808. 

•  Lesquereux,  Leo,  op.  cit.,  p.  180,  pi.  24,  figs.  1, 2, 1878. 
'  Knowlton,  F.  U.,  op.  cit.,  p.  178. 
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as  Populus  numodon  between  Populus  mutabUis 
ovalis  Heer*  and  Ficiis  uncata  Lesquereux.' 

Unlike  most  of  the  forms  figured  in  Les- 
quereux's  paper  of  1869  those  referred  to 
Populus  are  very  poorly  drawn,  and  then* 
describer  failed  to  describe  or  figure  the  in- 
curving of  the  lateral  margin  on  the  right,  as 
shown  in  the  present  figure,  which  is  a  photo- 
graph of  the  type  of  Lesquereux's  figure  1,  or 
that  the  base  of  the  leaf  was  present  immedi- 
ately to  the  left  of  the  midrib.  These  two 
additional  features  serve  admirably  to  indicate 
the  basal  characters  of  this  species,  which  is 
imdoubtedly  a  Ficus,  and  which  may  be  more 
fully  described  as  follows:  Leaves  large,  17  to 
18  centimeters  in  length  by  12  centimeters  in 
maximum  width,  which  is  in  the  basal  half, 
elliptical-ovate  in  outline,  with  a  markedly 
undulate  mai^in,  narrowed  and  acuminate 
apex,  and  broadly  roimded,  truncated  base, 
which  may  perhaps  have  been  slightly  cordate 
in  some  specimens.  Texture  coriaceous  but 
the  leaf  substance  thin.  Midrib  very  stout, 
3  millimeters  in  diameter  at  the  base,  longi- 
tudinally lined.  Secondaries  relatively  thin, 
numerous,  subopposite  to  alternate,  mostly 
alternate,  rather  evenly  spaced  and  subparallel, 
diverging  from  the  midrib  at  angles  of  about 
65*^,  the  lower  but  slightly  curved  until  they 
approach  the  margins,  the  upper  more  curved, 
all  camptodrome.  Tertiary  venation  im- 
mersed, percurrent  where  seen. 

The  present  species  has  the  same  outline  as 
the  associated  but  smaller  Ficus  scTiimperi 
Lesquereux,  with  a  much  more  immersed 
venation,  however,  and  a  great  many  more 
secondaries,  subtending  much  wider  angles. 
It  also  resembles  FiciLs  spectahilis  Lesquereux ' 
of  the  Denver  basin  Eocene  in  outline,  but  is 
slightly  larger  and  relatively  broader  and 
lacks  the  outer  lateral  tertiaries  which  spring 
from  the  basal  secondaries  in  the  Colorado 
species.  It  is  the  same  type  of  leaf  as  Ficus 
uncata  Lesquereux  *  of  the  basal  Eocene  in  the 
Rocky  Mountain  region,  but  the  tip  is  more  ex- 
tended, the  base  more  truncated,  and  it  lacks 
the  camptodrome  tertiaries  from  the  outer 
ends  of  lower  secondaries  present  in  Ficus 
uncata. 

I  Heer,  Oswald,  Flora  tertiaria  Ilelvetlse,  vol.  2,  p.  22,  pi.  1,  figs.  1,  2, 
etc.,  1856. 
*  L«6quereiix,  Leo,  The  Tertiary  flora,  p.  197,  pi.  35,  figs.  1,  la,  2, 1878. 
'Idem,  p.  199,  pi.  33,  figs.  4^,  1878. 
« Idem,  p.  197,  pi.  35,  flgs.  1 ,  la,  2, 1878. 


Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Ackerman  forma- 
tion, Hurleys,  Benton  County  (formerly  part  of 
Tippah  Coimty),  Miss,  (collected  by  E.  W. 
Hilgard,  E.  N.  Lowe,  and  E.  W.  Berry).  La- 
grange formation  (in  beds  of  Wilcox  age).  Pur- 
year,  Henry  County,  Tenn.  (collected  by  E.  W. 
Berry). 

Collections. — U.  S.  National  Museum. 

Ficus  wilcoxensis  Berry,  n.  sp. 

Plate  XXVII,  figure  6. 

Sapindu9falcifoliu8  Alexander  Braun.    Lesquereux,  U.  S. 

Nat.  Mufl.  Proc,  vol.  11,  p.  12,  pi.  4,  fig.  4,  1888. 
Loughridge,  Report  on  the  geological  and  economic 

features  of  the  Jackson's  purchase  region,  p.  198, 

1888. 
Sapiruhis  dubius,    Lesquereux,  U.  S.  Nat.  Mus.  Proc.,  vol. 

11,  p.  13,  1888  (part). 
Loughiidge,  Report  on  the  geological  and  economic 

features  of  the  Jackson's  purchase  region,  p.  198, 

1888. 

Description. — Leaves  relatively  small,  sym- 
metrically elongate-lanceolate  in  outline,  with 
the  apex  and  the  base  equally  narrowed  and 
acuminate.  Length  about  7  centimeters. 
Maximum  width,  in  the  middle  part  of  the 
leaf,  about  1.8  centimeters.  Margins  regu- 
larly curved,  entire.  Texture  coriaceous. 
Petiole  short  and  rather  stout,  about  7  milli- 
meters in  length.  Midrib  stout,  prominent  on 
the  lower  surface  of  the  leaf.  Secondari^ 
thin,  numerous,  subparaUel,  mostly  immersed 
in  the  leaf  substance;  they  diverge  from  the 
midrib  at  wide  angles,  60°  to  70*^,  at  intervals 
generally  of  about  2  milUmeters,  and  pursue  a 
nearly  straight  course  to  the  marginal  region, 
where  they  curve  abruptly  upward  to  form 
camptodrome  arches  subparaUel  with  the 
margins. 

This  characteristic  species  in  its  form,  tex- 
ture, and  venation  is  a  typical  Ficus,  although 
specimens  that  have  more  remote  secondaries 
suggest  some  lauraceous  leaf,  as  well  as  some 
of  the  described  species  of  Apocynophyllum. 
It  is  the  smallest  of  the  Wilcox  species  of  Ficus 
and  greatly  resembles  numerous  recent  and 
fossil  figs  that  have  small  lanceolate,  pinnately 
veined  leaves.  The  existing  Ficus  aniericana 
Aublet  has  somewhat  similar  leaves,  although 
they  are  a  Utile  larger  and  have  less  numerous 
secondaries.  Among  fossil  forms  the  present 
species  resembles  the  narrower  forms  of  the 
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European  Fi^ms  jynx  Unger,  especially  the 
forms  of  this  species  described  by  Ettings- 
hausen  from  the  Oligocene  of  the  Tyrol.* 

It  is  not  an  especially  common  form  in  the 
Wilcox  flora.  A  single  somewhat  distorted 
leaf  collected  by  R.  H.  Loughridge  at  Boaz, 
Ky.,  was  referred  by  Lesquereux  to  Sapindus 
faldfolius  Alexander  Braun,  a  species  wide- 
spread in  the  European  Miocene.  It  is  perhaps 
needless  to  add  that  the  American  form  is  not 
identical  with  that  from  Europe.^  Other  forms 
in  the  old  collections  from  Wickliffe  were  iden- 
tified as  Sapindus  duhius  by  Lesquereux. 

Occurrence. — ^I^agrange  formation  (in  beds 
of  Wilcox  age) :  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry) ;  Wickliffe,  Ballard 
County,  Ky.  (collected  by  R.  H.  Loughridge); 
and  Boaz,  Graves  County,  Ky.  (collected  by 
R.  H.  Loughridge). 

Collections. — U.  S.  National  Museum. 

Ficus  VAUQHANi  Berry,  n.  sp. 

Plates  XXXII,  figure  1,  XXXIII,  figure  1,  and  XCII, 

figure  1. 

Description. — Leaves  relatively  large,  irregu- 
larly   elliptical    in    general    outline.     Length 
about   15   centimeters.     Maximum  width,   in 
the  basal  half  of  the  leaf,  8  to  10  centimeters. 
Apex  blimtly  pointed.     Base  broadly  cimeate 
or  slightly  decurrent.    Margins  entire  but  very 
irregularly  undulate.     Texture  thin  but  cori- 
aceous.   The  shape  of  these  leaves  is  variable. 
As  a  rule  the  lower  lateral  margins  are  fuU  and 
rather  evenly  rounded;  about  midway  to  the 
tip  they  curve  inward  on  one  or  both  sides  to 
form    a   roimded   sinus,    curving   upward    to 
form  the  apical  half  of  the  leaf,  which  is  thus 
usually  narrower  than  the  basal  half,  giving 
such  leaves  a  somewhat  trilobate  appearance. 
In    the   leaf   from   Puryear   shown   in    Plate 
XXXII,  figure  1,  the  lamina  is  constricted  in 
this   manner  only  on   the  left  side.     Petiole 
stout,    terete,    its    length    not    determinable. 
Midrib  stout,  terete,  and  very  prominent  on 
the    lower   surface   of   the   leaf.     Secondaries 
relatively  thin,   ako  very  prominent  on  the 
lower  surface  of  the  leaf,  six  to  eight  subop- 
posite  to  alternate  pairs,  somewhat  irregularly 
spaced,    diverge  from   the  midrib   at  various 

1  Ettingshausen,  C.  von,  Die  tertiare  Flora  von  Hilring  in  Tirol,  p.  41, 
pi.  10,  figs.  6,  8, 1855. 

xFor  iUustarations  of  this  European  species  see  Ileer,  Oswald,  Flora 
tertiaria  Helvetise,  vol.  3,  p.  61,  pi.  119;  pi.  120,  figs.  2-8;  pi.  121,  figs. 
1,2,1859. 


angles,  the  average  for  a  single  leaf  being 
about  45°;  camptodrome  in  the  marginal 
region.  Tertiaries  thin  but  well  marked, 
camptodrome  in  the  marginal  region,  percur- 
rent  in  the  usual  Ficus  fashion  internally. 
Areolation  open,  quadrangular  or  pentagonal. 

This  species  is  represented  by  considerable 
material,  mostly  fragmentary,  from  scattered 
locaUties.  It  represents,  however,  a  character- 
istic form,  readily  recognized  by  its  irregularly 
undulate  margins  and  variable  outline,  generally 
more  or  less  constricted,  enough  to  be  differ- 
entiated into  apical  and  basal  halves. 

It  resembles  the  form  from  Cross  Bayou* 
identified  as  Ficus  planicostata  Lesquereux, 
but  I  think  the  two  are  perfectly  distinct. 

It  is  named  for  T.  W.  Vaughan,  who  col- 
lected it  in  eastern  Texas  more  than  a  score  of 
years  ago.  It  is  also  represented  in  the  museum 
collections  by  a  specimen  (No.  8605)  collected 
by  Prof.  John  C.  Branner  in  northeastern 
Arkansas  in  1889.  The  recently  collected 
material  comes  from  Puryear,  Tenn.,  where 
the  species  is  fairly  common  and  from  the  rail- 
road cut  at  Oxford,  Miss.,  where  all  the  plant 
remains  are  very  much  macerated.  A  single 
small  form  from  Wilson  County,  Tex.,  is  some- 
what doubtfully  referred  to  this  species. 

Occurrence. — Wilcox  group,  Hardys  Mill  near 
Gainesville^  Greene  County,  Ark.  (collected  by 
J.  C.  Branner),  and  Old  Port  Caddo  Landing, 
Little  Cypress  Bayou,  Harrison  Coimty,  Tex. 
(collected  by  T.  W.  Vaughan).  Holly  Springs 
sand,  Oxford,  Lafayette  County,  Miss,  (col- 
lected by  E.  W.  Berry).  Lagrange  formation 
(in  beds  of  WUcox  age),  Puryear,  Henry  County, 
Tenn.  (collected  by  E.  W.  Berry) .  Beds  of  Wil- 
cox age,  Calaveras  Creek,  Wilson  County,  Tex. 
(collected  by  Alexander  Deussen). 

Collections. — U.  S.  National  Museum. 

Ficus  EOLiGNiTiCA  Berry,  n.  sp. 

Plate  XXXI,  figure  4. 

Description. — Leaves  large,  elliptical-lanceo- 
late in  general  outline,  texture  very  coriaceous, 
and  surface  poUshed.  Length  about  15  centi- 
meters. Maximum  width,  in  the  middle  part 
of  the  leaf,  about  6.25  centimeters.  Margins 
entire,  slightly  irregularly  imdulate,  fuU,  curv- 
ing to  the  narrowed  and  obtusely  pointed  tip. 
Basal  part  of  the  leaf  fuller  than  apical  part, 
the  margins  incurving  slightly  to  the  some- 
what  decurrent,    pointed   base.     Petiole   not 
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preserved,  obviously  stout.  Midrib  stout  and 
prominent.  Secondaries  very  thin,  numerous, 
closely  and  regulariy  spaced  at  intervals  of 
about  3  millimeters.  They  divei^e  from  the 
midrib  at  wide  angles  of  about  65°  and  pursue 
a  neariy  straight  course,  curving  slightly  in  the 
marginal  region,  where  they  are  abruptly  camp- 
todrome.  They  become  almost  obsolete  in  the 
thick  leaf  substance  and  their  ultimate  course 
is  seen  with  difficulty.     Tertiaries  obsolete. 

This  species  is  a  splendid  Eocene  example  of 
the  type  of  Ficus  foUage  exemplified  by  the 
existing  Ficus  elastica  Linn6.  It  differs  from 
•that  species  and  from  numerous  very  similar 
existing  forms  in  its  more  tapering  outline, 
both  distad  and  proximad.  The  modem 
forms  are  usually  oblong-elliptical.  It  has 
the  typical  texture  and  venation  of  this  type 
of  Ficus  and  is  very  distinct  from  the  rather 
niunerous  Wilcox  species  as  well  as  from  any 
described  species  from  the  North  American 
Tertiary,  although  it  is  not  unlike  some  of  the 
European  Tertiary  forms. 

Occurrence. — Wilcox  group,  Hardys  Mill, 
Greene  County,  Ark. 

Collection. — ^U.  S.  National  Musemn. 

Ficus  scHiMPERi  Lesquereux. 

Plate  XXXI,  figures  1-3. 

Ficus  Schimperi.    Lesquereux,  Am.  Philoe.  Soc.  Trans., 
vol.  13,  p.  417,  pi.  18,  figs.  1-3,  1869.- 

Description. — Lesquereux  in  1869  gave  the 
following  description: 

F.  foUis  membranacelH,  ovato  lanceolatis,  acuminatiB, 
basi  rotundatis  vel  subtruncatis,  integris,  undulads,  trl 
subquinque  nerviis,  insequalibiis;  nervis  secundariis 
camptodromis,  nervulis  dlstantibus,  continuis. 

This  species  occurs  in  abundance  in  the  clay 
ironstone  at  Hurleys,  from  which  it  was  col- 
lected by  Hilgard  and  described  by  I.»esquereux 
in  1869,  and  many  of  the  specimens,  including 
the  originals  of  Lesquereux's  figures  1  and  2, 
are  still  in  the  Hilgard  collection.  The  species 
is  not  abundant  at  other  localities  in  the  Wilcox 
group.  It  may  be  more  fully  described  as  fol- 
lows: Leaves  of  variable  size,  broadly  ovate- 
acuminate  in  general  outline  with  a  broadly 
rounded,  somewhat  truncated  base  and  a  usu- 
ally narrowed  acuminate  tip.  I^ength  ranges 
from  5  to  13  centimeters,  averaging  about  9  or 
10  centimeters.  Maximum  width,  in  the  basal 
half  of  the  leaf,  ranges  from  2.2  to  6  centime- 


ters, averaging  about  5  centimeters.  Margins 
entire,  generally  gently  undulate.  Leaf  sub- 
stance apparently  very  thin  but  of  considerable 
consistency.  Petiole  absent  in  all  the  specimens. 
Midrib  stout,  curved.  Secondaries  stout,  four 
to  six,  subopposite  to  alternate  pairs;  they 
branch  from  the  midrib  at  angles  that  average 
about  45®  and  curve  upward,  coming  to  be 
approximately  parallel  with  the  margins,  camp- 
todrome.  The  lower  pair  are  usually  oppo- 
site and  in  some  specimeas  suggest  lateral 
primaries,  although  the  species  is  distinctly 
pinnately  veined  throughout.  There  is  con- 
siderable variation  in  their  spacing  as  shown 
in  the  specimens  figured.  Tertiaries  thin, 
percurrent  within  the  secondary  system  and 
forming  arches  in  the  marginal  region. 

In  some  respects  the  present  species  suggests 
Ficu^  rtwnodon  (Lesquereux)  Berry,  which  has 
larger,  relatively  broader,  and  thicker  leaves, 
with  more  numerous  and  divergent  seconda- 
ries. It  may  be  compared  with  a  great  variety 
of  fossil  and  recent  species.  Among  the  recent 
species  I  might  mention  Ficus  popvMformiSf  F. 
ferruginea,  and  F.  venosa. 

It  seems  probable  that  the  two  broken 
specimens  described  by  Lesquereux  as  Ceitis 
hrerifolia  ^  are  referable  to  Ficv^  schimperij  but 
as  they  were  so  very  incomplete  and  have  since 
been  lost  they  are  not  recognized  in  the  present 
report.  Ficus  schimperi  is  present  in  the 
Raton  formation  of  the  southern  Rocky  Moim- 
tain  province,  a  formation  slightly  older  than, 
the  Wilcox. 

A  similar  homotaxial  form  is  described  by 
Watelet '  from  the  Ypresian  of  the  Paris  Basin 
as  Ficus  cuspiddta  (not  related  to  the  recent 
species  of  this  name). 

Occurrence. — Ackerman  formation.  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss.,  very  common  (collected  by 
E.  W.  Hilgard,  E.  N.  Lowe,  and  E.  W.  Berry). 
Wilcox  group,  Old  Port  Caddo  Landing,  Little 
Cypress  Bayou,  Harrison  County,  Tex.,  com- 
mon (collected  by  T.  W.  Vaughan);  and 
Coushatta,  Red  River  Parish,  La.  (collected  by 
E.  W.  Berry).  Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn., 
rare  (collected  by  E.  W.  Berry),  and  Baughs 

1  Lesquereux,  Leo,  Am.  Philos.  Soc.  Trans.,  vol.  13,  p.  416,  pi.  20,  figs. 
4,  5,  1869.  This  specific  name  is  preoccupied,  having  been  used  by 
Miquel  (or  an  existing  species  of  tropical  America. 

'Watelet,  A.,  Descriptions  des  plantes fossiles  du  bassin  de  Paris,  p. 
156,  pi.  44,  fig.  3, 1866. 
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Bridge,  Wolf  River  near  La  Grange,  Fayette 
County,  Tenn.  (collected  by  L.  C.  Johnson). 
Collections. — U.  S.  National  Museum. 

Ficus  MYRTiFOLius  Berry,  n.  sp. 

Plate  XXX,  figures  1-3. 

Ficus multinervig  Heer.   Lesquereux .U.S.  Nat.  Mus.  Proc. , 
vol.  11,  p.  11,  pi.  4,  figs.  2,  3,  1888. 
Loughridge,  Report  on  the  geological  and  economic 
features  of  the  Jackson's  purchase  region,  p.  198, 1888. 

Description. — Leaves  narrowly  elongate-lan- 
ceolate, slightly  inequilateral  in  outline,  taper- 
ing upward  to  an  acuminate  tip,  and  broadly 
pointed  proximad.  Length  ranges  from  10  to 
18  centimeters,  the  acuminate  tips  usually 
broken  off  before  fossilization.  Maximum 
width,  in  the  middle  or  basal  portion  of  the 
leaf,  1.7  to  3.5  centimeters.  Margins  entire, 
irregularly  imdulate.  Texture  subcoriaceous. 
Petiole  very  stout,  straight  or  curved,  tumid 
proximad,  about  1  centimeter  or  slightly  more 
in  length.  Midrib  stout,  straight  or  curved, 
prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  numerous,  thin,  diverging  from  the 
midrib  at  wide  angles,  many  of  them  fully  90**, 
at  intervals  of  2  or  3  millimeters,  generally  a 
little  under  2  millimeters,  pursuing  a  nearly 
straight  course,  their  tips  joined  by  a  slightly 
arched  marginal  vein,  parallel  with  and  about 
1  milUmeter  distant  from  the  margin. 

This  is  a  well-marked  species  of  a  narrowly 
lanceolate  and  in  some  specimens  slightly  fal- 
cate Ficus,  readily  distinguishable  from  the 
other  rather  numerous  Wilcox  species  of  Ficus. 
It  resembles  in  a  general  way  certain  fossil  and 
existing  species  in  the  families  Apoc3mace8e  and 
Myrtaceae  but  can  be  readily  matched  with  the 
leaves  of  several  existing  species  of  Ficus. 
Among  previously  described  American  fossil 
species  it  is  most  like  ApocynophyUum  scudderi 
described  by  Lesquereux  ^  from  shales  supposed 
to  belong  to  the  Green  River  formation  of 
Wyoming.  Specimens  collected  by  Lough- 
ridge  at  Boaz,  Ky.,  were  identified  by  Les- 
quereux with  the  European  Miocene  species 
Ficus  muUinervis  Heer,'  to  which  they  show 
considerable  similarity.  The  American  species 
is,  however,  a  much  more  elongated  leaf. 

Occurrence, — Holly  Springs  sand.  Holly 
Springs  and  Early  Grove,  Marshall  County, 

1  Lesquereux,  Leo,  The  Cretaceous  and  Tertiary  floras,  p.  172,  pi.  45a, 
figs.  1-5, 1883. 

> Ileer,  Oswald,  Flora  tertJaria  UelvetisD,  vol.  2,  p.  03,  pi.  81,  flps.  0-10, 
pL  82,  fig.  1,1856. 


Miss,  (collected  by  E.  W.  Berry).  Lagrange 
formation  (in  beds  of  Wilcox  age),  Wickliffe, 
Ballard  County,  Ky.  (collected  by  L.  C.  Glenn), 
and  at  Boaz,  Graves  County,  Ky.  (collected  by 
R.  H.  Loughridge). 

Collections, — U.  S.  National  Museum. 

Ficus  PSEUDOLMEDiAFOLiA  Berry,  n.  sp. 

Plate  XXVII,  figure  2. 

Description, — Leaves  small,  lanceolate  in 
outUne,  base  pointed,  slightly  decurrent,  and 
apex  acuminate.  One  large  specimen  has  the 
tip  narrowly  rounded.  Length  ranges  from  9 
to  10.5  centimeters.  Maximum  width,  in 
middle  part  of  the  leaf,  ranges  from  2  to  3 
centimeters.  Margins  entire.  Texture  coria- 
ceous. Petiole  short.  Midrib  stout,  prominent 
on  the  lower  surface  of  the  leaf.  Secondaries 
slender,  immersed  in  the  leaf  substance,  10  to 
12  pairs,  rather  remote  and  irregularly  spaced, 
diverging  from  the  midrib  at  wide  angles, 
straight  at  first,  curving  upward  abruptly  in 
the  marginal  region  to  form  flat  camptodrome 
arches.  Tertiaries  mostly  obsolete  except  for 
laterals  parallel  with  and  between  most  of  the 
adjacent  secondaries. 

This  lanceolate  Ficus  appears  to  be  distinct 
from  previously  described  fossil  species.  It 
resembles  a  number  of  recent  species  as  well  as 
the  leaves  of  the  genus  Pseudolmedia  Tr6cul,  a 
genus  that  comprises  about  five  species  living 
in  the  West  Indies,  Central  America,  and 
tropical  South  America.  It  is  very  close  to  a 
form  described  by  Knowltonfrom  the  Raton 
formation  of  the  southern  Rocky  Mountain 
province  as  Laurus  ratonensis,  A  very  similar 
form,  Ficus  laqueata,  has  been  described  by 
Engelhardt '  from  the  Tertiary  of  Colombia. 

Occurrence. — Wiloox  group,  Bolivar  Creek, 
3i  miles  north  of  Harrisburg,  Poinsett  County, 
Ark.  (collected  by  L.  W.  Stephenson).  La- 
grange formation  (in  beds  of  Wilcox  age), 
Puryear,  Henry  County,  Tenn.  (collected  by 
E.  W.  Berry). 

Collections. — U.  S.  National  Museum. 

Ficus  puRYEARENSis  Berry,  n.  sp. 

Plates  XXVII,  figures  4  and  5,  XXVIII,  figure  5,  and 

XXX,  figures  4  and  5. 

Description. — Leaves  of  medium  size,  smooth 
and   coriaceous,   oblong-lanceolate  in  outline. 

'Engelhardt,  Ilermann,  Senckenbergische   naturf.    Oesell.    Abh., 
vol.  19,  p.  26,  pi.  3,  fig.  22,  1805. 
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Apex  shortly  pointed.  Base  broadly  rounded, 
slightly  cordate  or  very  broadly  pointed. 
Length  ranges  from  9  to  11  centimeters.  Max- 
imum width  ranges  from  3.3  to  5  centimeters 
at  or  somewhat  below  the  middle.  There  is 
considerable  variation  in  the  appearance  of 
these  leaves,  well  illustrated  in  the  specimens 
figured.  The  widest  leaf  has  full,  regularly 
curved  margins  and  is  shortly  and  broadly 
pointed  distad  and  still  more  broadly  pointed 
proximad.  From  this  extreme  the  leaves  vary 
toward  forms  that  have  a  rounded,  almost 
truncate  base  and  a  somewhat  extended  tip. 
The  extreme  form  as  regards  the  extended  tip 
has  a  slightly  cordate  base,  with  full  and 
rounded  lower  lateral  margins,  nearly  straight 
sides,  and  an  elongated  narrowed  tip.  Petiole 
short  and  stout.  Midrib  stout,  prominent  on 
the  lower  surface  of  the  leaf.  Secondaries 
relatively  thin,  10  to  12  subopposite  to  alternate 
pairs,  remote  and  somewhat  irregularly  spaced, 
diverging  from  the  midrib  at  wide  angles, 
nearly  90°,  nearly  straight  until  they  reach  the 
marginal  region,  where  they  turn  abruptly 
upward  and  form  a  wide  arch  to  the  secondary 
next  above.  Tertiaries  mostly  obsolete.  Mar- 
gins entire. 

This  well-marked  species  is  distinct  from  pre- 
viously described  forms.  It  appears  to  have 
been  not  unconunon  in  the  upper  part  of  the 
embayment  area  in  Wilcox  time  and  suggests 
by  its  outline  the  leaves  of  Cordia.  The  vena- 
tion, however,  is  typically  that  of  a  Ficus.  A 
number  of  existing  species  resemble  this  fossil 
form,  as,  for  example,  Ficus  ferruginea  and 
Ficus  angustifolia.  It  is  represented  in  the 
lower  Claiborne  by  a  closely  allied  species, 
Ficus  unionensis  Berry. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  Coimty,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry) .  Ackerman  formation. 
Hurleys,  Benton  County,  Miss,  (collected  by 
E.  N.  Lowe  and  E.  W.  Berry).  Lagrange 
formation  (in  beds  of  Wilcox  age),  Puryear, 
Henry  County,  Tenn.  (collected  by  E.  W. 
Berry) . 

Collections, — U.  S.  National  Museum. 

Ficus  PURYEARENSis  ELONGATA  Berry,  n.  var. 

Plate  XXVIII,  figure  4. 

Description, — Leaf  oblong-lauceolate,  with 
acuminate    tip    and    narrowly   cuneate    base. 


Length  generally  about  12  centimeters,  ranging 
to  15  centimeters.  Maximum  width,  in  middle 
part  of  the  leaf,  generally  about  3.5  centimeters 
or  slightly  less,  ranging  to  5.65  centimeters. 
Margins  entire.  Texture  subcoriaceous.  Petiole 
short  and  very  stout,  about  7.5  centimeters 
in  length.  Midrib  stout,  curved,  prominent 
on  the  lower  surface  of  the  leaf.  Secondaries 
thin,  diverging  from  the  midrib  at  wide  angles, 
camptodrome  to  a  considerable  distance  from 
the  margins. 

Ficus  puryearensis  is  a  variable  type,  grading 
from  eUiptical  to  elongate  outlines.  Fieus 
puryearensis  elongata  differs  from  Ficus  pur- 
yearensis  in  its  narrower,  more  elongate  outline 
and  in  the  narrowly  cuneate  or  only  slightly 
rounded  instead  of  the  conspicuously  rounded 
base.    Venation  very  close  to  the  type. 

In  the  maximum-sized  forms  of  this  variety 
the  leaves  are  very  coarse  and  both  the  midrib 
and  the  secondaries  are  extremely  stout. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — U.  S.  National  Museimi. 

Ficus  sp. 

Plate  XXIV,  figure  1. 

Description. — Leaves  of  large  size  and  ample 
width,  either  entire  or  more  or  less  trilobate. 
Length  at  least  20  centimeters.  Maximum 
width  about  the  same  as  the  length.  Margin 
not  preserved.  Leaf  substance  subcoriaceous. 
Venation  open,  not  stout,  tripalmate  from  a 
point  at  or  near  the  base.  Lateral  primaries 
the  same  caUber  as  the  midrib.  Secondaries 
subopposite  and  subparallel.  Tertiaries  num- 
erous, regular,  subparallel,  percurrent.  Areo- 
lation  open,  largely  quadrangular. 

This  large-leafed  species  is  represented  by 
fragments,  the  largest  of  which  has  been 
figured.  Though  it  appears  to  represent  a  new 
species  it  is  too  incomplete  for  specific  char- 
acterization. It  resembles  a  number  of  exist- 
ing and  fossil  large-leafed  species  of  the  genus 
Ficus,  but  it  is  not  certainly  a  Ficus  although  it 
is  clearly  a  member  of  the  family  Moraceae.  It 
also  suggests  the  aUied  genus  Cecropia  Linn^, 
which  comprises  from  30  to  40  existing  species 
in  tropical  America,  ranging  from  Mexico  to 
Brazil.  Ettingshausen  referred  a  fossil  form 
from  the  Aquitanian  of  Bohemia  to  this  genus, 
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describing  it  as  Cecropia  Jieerii,^  which,  in  so 
far  as  comparisons  are  possible,  is  very  dose  to 
the  form  under  discussion.  Another  species 
has  been  described  by  this  author  from  the 
same  horizon,  and  he  also  records  ^  a  species  of 
Cecropia  from  the  lower  Eocene  (Ypresian)  of 
Alum  Bay,  England,  which  unfortimately  was 
never  described  or  figured. 

The  present  form  appears  to  be  represented 
by  similar  fragmentary  material  in  the  Mid- 
way (?)  formation  of  Earle,  Tex. 

Occurrence,  —  Holly  Springs  sand.  Holly 
Springs,  Marshall  Coimty,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Order  PBOTEAIiBS. 

Family  PBOTEACEA. 

Genus  PALiC^DENDRON  Saporta. 

Pal^odendron  americanum  Berry,  n.  sp. 

Plate  XXXVIII,  figure  1. 

Description. — Leaves  oblanceolate  in  outline, 
apex  obtusely  pointed,  and  base  narrowed  and 
decurrent.  Texture  very  thick  and  coriaceous. 
Length  about  7  centimeters.  Maximum  width, 
in  the  middle  part  of  the  leaf,  about  1.5  centi- 
meters. Margins  entire.  Petiole  not  present 
as  a  distinct  unit  below  the  narrowly  decurrent 
basal  margins  of  the  lamina.  Midrib  wide 
and  channeled,  curved.  Secondaries  thin,  im- 
mersed in  the  thick  leaf  substance;  about  10 
irregularly  spaced  pairs,  divei^ing  from  the  mid- 
rib at  wide  angles,  60°  to  80®,  curving  slightly 
outward  and  then  upward,  relatively  straight 
to  the  vicinity  of  the  margins,  where  they  curve 
upward  to  form  a  flat  arch,  approximately 
parallel  with  the  margins,  joining  the  adjacent 
superior  secondary.     Tertiaries  obsolete. 

This  species  has  a  very  distinct  individuality 
and  closely  resembles  the  supposed  proteaceous 
leaves  described  by  Saporta  from  the  Tertiary 
of  southeastern  France.  It  is  especially  Uke 
Palseodendron  gypsopMlum  Saporta'  of  the 
Sannoisian  of  Aix,  which  that  author  compares 
with  the  living  Protea  cavlescens  and  with  the 
fossil  Conospermum  mucrophyUum  of  Ettings- 
hausen.  Saporta*  subsequently  redescribed 
this  species  as  Quercus  palseopheUos,  a  disposi- 

1  Ettingshausen,  C.  von,  Die  fossile  Flora  des  Terti&r-Beckens  von 
BUin,  pt.  1,  p.  82,  pi.  27;  pi.  28,  fig.  7, 1866. 
sEttingshaiuen,  C.  von,  Roy.  Soc.  London  Proc.,  vol.  30,  p.  232, 1880. 

•  Saporta,  Q.  de,  Etudes  sur  la  v^^tation  du  sud-est  de  la  France  k 
r^poque  tertiaire,  vol.  1,  p.  97,  pi.  8,  fig.  1, 1863. 

*  Idem,  vol.  3,  pt.  2,  p.  36,  pi.  6,  fl^.  ^12, 1867. 


tion  in  which  I  can  not  at  all  concur.  It  is 
unhke  any  of  the  other  members  of  the  Wilcox 
flora,  and  though  it  may  possibly  represent  a 
type  still  Uving  in  the  American  Tropics  I  have 
failed  to  discover  such  a  one  and  have  felt  con- 
strained to  refer  it  to  Saporta's  genus,  with 
which  it  is  so  closely  allied. 

Occurrence. — Holly  Springs  sand,  ravine  at 
Oxford,  Lafayette  County,  Miss,  (collected  by 
E.  W.  Berry).  Wilcox  group,  Bolivar  Creek, 
3J  miles  north  of  Harrisburg,  Poinsett  County, 
Ark.  (collected  by  L.  W.  Stephenson). 

Collections. — U.  S.  National  Museum. 

Genns  PROTEOIDES  Heer. 
PEOTEoroES  WILCOXENSI8  Berry,  n.  sp. 

Plate  XXXV,  figures  4-6. 

Description. — Leaves  of  different  sizes,  lance- 
olate and  commonly  falcate  in  general  outUne, 
tapering  abruptly  from  about  the  middle  to  the 
narrowly  acuminate  tip  and  to  the  equally 
narrowly  pointed  decurrent  base.  Length 
ranges  from  6.5  to  11  centimeters.  Maxinmm 
width,  about  halfway  between  the  apex  and  the 
base,  ranges  from  1.2  to  3  centimeters.  Mar- 
gins entire,  fuQ  and  in  some  specimens  undulate 
and  unsymmetric.  Texture  coriaceous,  the 
substance  of  the  leaf  commonly  preserved. 
Petiole  short  and  very  stout,  winged  by  de- 
current  lamina  of  leaf  almost  or  entirely  to  the 
thickened  base.  Midrib  very  stout,  especially 
proximad,  generally  curved,  rather  prominent 
on  the  lower  and  channeled  on  the  upper  sur- 
face of  the  leaf.  Secondaries  numerous,  thin, 
diverging  from  the  midrib  at  a  wide  angle, 
camptodrome,  as  a  rule  almost  obsolete  by  im- 
mersion in  the  substance  of  the  leaf. 

This  species  is  common  at  both  the  Grenada 
and  the  Puryear  localities,  where  it  occurs  in  all 
sizes.  Its  aflinities  appear  to  be  with  the  Pro- 
teacesB,  and  it  is  similar  to  and  probably  filiated 
with  some  of  the  Upper  Cretaceous  species  of 
Proteoides  described  from  southeastern  North 
America.  Its  generic  relationships  among  the 
recent  Proteaceae  is  not  determinable  with  cer- 
tainty and  it  is  therefore  referred  to  the  form 
genus  Proteoides.  Ettingshausen  *  records  a 
species  based  on  a  fruit  from  the  Ypresian  of 
the  Isle  of  Sheppey,  and  the  leaves  of  another 
species  from  this  same  horizon  at  Alum  Bay, 
England.' 

•  Ettingshaasen,  C.  von,  Roy.  Soc.  London  Proc.,  vol.  29,  p.  394, 1879. 

•  Idem,  vol.  30,  p.  233, 1880. 
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Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N.  Lowe 
and  E.  W.  Berry).  Lagrange  formation  (in 
beds  of  Wilcox  i^e),  Puryear,  Henry  County, 
Tenn.  (collected  by  E.  W.  Berry).  Wilcox 
group,  2}  miles  and  3i  miles  southeast  of 
Naborton,  De  Soto  Parish,  La.  (collected  by 
G.  C.  Matson  and  O.  B.  Hopkins). 

Collections, — U.  S.  National  Museum. 

Genus  KNIGHTTOPHYLLUM  Berry,  n.  gen. 

Knightiophyllum  wilcoxianum  Berry,  n.  sp. 

Plate  XXXV,  figures  1-3. 

Description. — Leaves  of  different  sizes,  ovate 
in  general  outline,  widest  at  or  slightly  below 
the  middle  and  narrowing  gradually  to  the  ob- 
tusely pointed  apex  and  rather  abruptly  to  the 
acuminate  base.  Length  ranges  from  8  to  14 
centimeters.  Maximum  width  ranges  from  3 
to  5  centimeters.  Margins  entire  near  the  base, 
above  which  they  are  beset  with  irregularly 
spaced,  large,  recurved,  outwardly  directed  or 
aquiline  teeth,  which  in  the  tip  of  the  leaf  be- 
come reduced  to  dentate  points  and  ultimately 
disappear.  Texture  coriaceous.  Petiole  long 
and  stout,  about  3.5  to  4  centimeters  in  length. 
Midrib  stout,  prominent  on  the  lower  surface  of 
the  leaf.  Secondaries  rather  stout,  numerous, 
somewhat  irregularly  spaced ;  they  diverge  from 
the  midrib  at  angles  of  about  60°,  curving  but 
slightly  in  their  outward  course  imtil  they 
curve  upward  in  a  camptodrome  manner  some 
distance  from  the  margin.  A  few  secondaries 
pursue  a  craspedodrome  course,  but  in  general 
a  tertiary  branch  proceeds  to  the  tip  of  the 
large  teeth.  There  are  some  tertiaries  inter- 
mediate between  the  secondaries  and  sub- 
parallel  with  them,  and  a  few  percurrent  ter- 
tiaries that  except  for  their  reduced  caliber 
might  be  considered  forks  of  the  secondaries. 
Tlie  finer  areolation  is  obsolete  by  immersion  in 
the  leaf  substance. 

This  very  characteristic  leaf  is  represented  by 
a  considerable  amount  of  material  and  is  dis- 
tinguished at  once  by  the  peculiar  large  mar- 
ginal teeth,  which  resemble  more  or  less  those 
of  some  species  of  Quercus,  Ceratopetalum, 
Panax  (Pan^ax  arboreum  Forster),  and  ([lero- 
dendron  ( Clerodendron  serratum  wSprengel) .  The 
present  species  is  practically  identical  in  all  of 
its  characters  with  the  leaves  of  the  existing 


Knightia  excelsa  R.  Brown,  and  it  is  therefore 
made  the  basis  of  the  form  genus  Knightiophyl- 
lum, which  indicates  its  probable  botanic 
affinity  without  implying  actual  generic  iden- 
tity with  the  recent  species  of  Knightia,  which 
are  confined  to  Australia  and  New  Zealand,  but 
seem  to  be  represented  in  the  European 
Tertiary. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,.  Tenn 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Genus  BANKSIA  Linn^  fils. 
Banksia  saffokdi  (Lesquereux)  Berry. 

Plate  XXXVI,  figures  5  and  6. 

Quercus  Saffordi.  Leaquereux^  Am.  Jour.  Sci.,  2d  ser., 
vol.  27,  p.  364,  1869. 

Lesquereux  in  Owen,  D.  D.,  Second  report  of  a  geo- 
logical reconnaissance  of  the  middle  and  southern 
counties  of  Arkansas,  p.  319,  pi.  6,  fig.  3,  1860. 

Lesquereux  in  Safford,  J.  M.,  Geology  of  Tennessee, 
p.  427,  pi.  K,  figs.  2a-c,  1860. 

Lesquereux,  U.  S.  Nat.  Mus.  Proc.,  vol.  11,  p.  13,  pi.  5, 
figs.  1-3,  1888. 

Loughridge,  Report  on  the  geological  and  economic 
features  of  the  Jackson's  purchase  region,  pp.  196, 
198,  figs.  2a-c,  1888. 

Rnowlton,  in  Glenn,  L. C,  U.  S.  Geol.  Survey  Water- 
Supply  Paper  164,  p.  38,  1906. 

Description. — ^Leaves  linear-laneeolate  in  out- 
line, widest  in  the  basal  half;  base  more  or  less 
entire,  gradually  attenuated,  and  decurrent; 
apex  greatly  extended  and  gradually  narrowed, 
more  or  less  prominently  toothed,  and  acumi- 
nate. Size  variable,  the  average  form  having 
a  length  of  about  16  centimeters  and  a  maxi- 
mum width  below  the  middle  of  about  1  centi- 
meter. A  specimen  from  Wickliffe,  Ky., 
shows  the  basal  part  of  a  larger  leaf,  which  is 
1.5  centimeters  wide,  and  another  specimen 
from  the  same  locaUty,  not  positively  identi- 
fied, is  2.4  centimeters  in  maximum  width. 
Lesquereux,  in  his  description  of  this  species 
in  1869,  says:  "Rarely  an  inch  broad,  4  to  6 
inches  long,"  thus  rather  overestimating  the 
width  and  underestimating  the  length.  The 
average  size  as  given  above  is  based  on  a  con- 
siderable number  of  specimens  of  uniform  size 
and  appearance  from  areas  as  remote  as  La 
Grange,  in  southern  Tennessee,  and  Wickliffe, 
in  northwestern  Kentucky.  The  texture  is  co- 
riaceous and  the  leaves  were  obviously  more  or 
less  rigid  in  life,  since  they  also  have  a  thick 
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prominent  midrib.  Petiole  short  and  stout, 
about  1  centimeter  in  length  on  the  average- 
sized  leaves,  like  the  one  figured.  Secondaries 
thin,  numerous,  more  or  less  subparallel, 
branching  from  the  midrib  at  angles  between 
40°  and  45°  at  intervals  of  2  to  4  millimeters, 
curving  upward,  camptodrome  or  caspedo- 
drome,  depending  on  the  character  of  the 
margin;  in  the  region  where  the  margin  is 
toothed  a  secondary  ends  in  each  tooth,  and 
there  are  one  or  two,  and  in  some  places  more, 
camptodrome  secondaries  between  each  cras- 
pedodrome  one.  The  areolation  is  made  up  of 
tiny  isodiametric,  four,  five,  or  six  sided 
areoles.  The  margins  are  entire  for  a  con- 
siderable distance  below,  about  one-third  of 
their  whole  length;  above  this  point  they  show 
irregularly  spaced,  serrate  teeth,  which  become 
more  prominent  and  aquiline-serrate  in  the 
upper,  narrower  part  of  the  leaf. 

This  species  is  strikingly  distinct  when  repre- 
sented by  complete  specimens.  Fragments, 
however,  are  Ukely  to  be  confused  with  con- 
temporary species  of  Dryophyllum,  Myrica, 
Fraxinus,  and  the  like.  The  attenuated  ter- 
minal portions  of  the  leaves  of  Banksia  saffordi 
may  be  confused  with  Banksia  tenuifolia 
Berry,  but  where  the  margins  are  toothed  and 
not  entire  they  may  be  distinguished  by  their 
much  more  prominent  aquiline  teeth. 

Lesquereux  first  described  this  species  from 
Somerville,Tenn.,  and,  as  he  imagined  that  he 
was  dealing  with  a  Pleistocene  instead  of  a 
lower  Eocene  flora,  he  naturally  sought  for 
similar  forms  among  recent  species  of  Quercus, 
Asa  Gray  having  furnished  him  with  the  leaves 
of  certain  modern  species  for  comparison.  No 
very  similar  modem  species  were  found,  how- 
ever. In  his  paper  published  in  1888  he  com- 
pares it  with  Quercus  furcinervis  (Rossmassler) 
Unger,  a  widespread  Tertiary  species  of  Europe, 
which  appears  for  the  first  time  in  the  Sannoi- 
sian  and  which  is  markedly  distinct  from  the 
American  form. 

This  misconception  with  regard  to  the 
Pleistocene  age  of  the  specimen  caused  Les- 
quereux to  fail  to  recognize  the  very  obvious 
and  close  relationship  between  his  Quercus  saf- 
fordi  and  the  numerous  European  older  Ter- 
tiary species  of  Banksia  described  by  Ettings- 
hausen,  Saporta,  and  others,  and  so  elaborately 
compared  with  the  existing  species  of  Banksia 
by  the  first  of  these  authors.     It  will  be  profit- 


able to  compare  the  present  species  with  some 
of  these  forms.  Fossil  species  of  Proteacese 
are  exceedingly  conunon  in  Europe,  and 
numerous  genera  characterize  the  OUgocene 
floras.  Most  of  these  forms  appeared  in  the 
later  Eocene  and  many  of  them  survived  the 
close  of  the  Qligocene,  but  they  were  especially 
prominent  during  that  epoch.  Banksia  saf- 
fordi  greatly  resembles  a  group  of  these  Euro- 
pean species,  which  includes  Banksia  ungeri 
Ettingshausen,^  Banksia  haerin^gianxi  Ettings- 
hausen,^  MyricophyUum  gradle  Saporta,'  and 
MyricophyUum  zachariense  Saporta.*  These 
forms  aboimd  in  the  upper  Eocene  gypsiferous 
deposits  of  southeastern  France  and  in  the 
lower  OUgocene  in  the  leaf  beds  of  Monte  Pro- 
mina, DaJmatia,  Haering  in  the  Tyrol,  Sagor 
in  Camiola,  and  in  the  hgnites  of  Styria, 
where  Sotzka  is  the  inost  famous  fossil  plant 
locaUty. 

Most  of  the  European  forms  are  somewhat 
smaller  than  Banksia  saffordi  and  some  are  less 
acuminate  distad.  Saporta's  enlargement  ^  of 
MyricophyUum  gracile,  which  is  about  twice 
natural  size,  is  almost  exactly  Uke  Banksia 
saffordi  in  outline,  margin,  and  venation.  An- 
other fossil  form  which  shows  considerable 
resemblance  to  the  present  species  is  Myrica 
banksioides,  described  by  Engelhardt  •  from 
the  Tertiary  of  BoUvia.  On  the  whole,  Banksia 
Tiaeringiana  Ettingshausen  is  most  like  the 
American  plant.  Numerous  existing  species  of 
Banksia  in  the  Australian  regie q  are  similar  to 
these  fossil  species,  among  which  might  be 
mentioned  Banksia  spinulosa,  B,  coUinaj  B. 
littoraliSf  B.  atteniuita,  B,  marginaia,  and  J5. 
serrata, 

A  few  American  specimens  have  been 
identified  with  European  species  of  Banksia, 
but  the  only  undoubted  representatives  of  this 
genus  on  this  continent  are  this  and  the  follow- 

i  Ettingshausen,  C.  von,  Die  Proteaceen  der  Vorwelt,  p.  23,  1851. 
For  figures  of  this  spei'ies  see  Unger,  F.,  Die  fossile  Flora  von  Sotzka, 
pp.  30, 39,  pi.  6,  figs.  3, 4;  pi.  7,  flgs.  2-6,  pi.  20,  figs.  1-6, 1850;  and  Ettings- 
hausen, C.  von,  Die  tcrtiiire  Flora  von  Haring  in  Tirol,  p.  54,  pi.  17,  figs. 
1-22,  pi.  18,  flgs.  1-6, 1852, 

« Ettingshausen,  C.  von.  Die  Proteaceen  der  Vorwelt,  p.  23,  pi.  2, 
flgs.  17,  IS,  1851;  Die  tertiare  Flora  von  Hftrlng  in  Tirol,  p.  54,  pi.  16, 
figs.  1-23, 1853;  Die  eocene  Flora  des  Monte  Promina,  p.  17,  pi.  7,  fig.  16, 
1854,  and  numerous  other  publications. 

>  Saporta,  G.  de,  Etudes  sur  la  v^gi^tation  du  sud-est  dc  la  France  k 
r^poque  tertiaire,  vol.  1,  p.  102,  pi.  10,  fig.  1, 1863. 

« Idem,  vol.  1,  pp.  176, 220,  pi.  8,  flg.  2, 1863;  vol.  2,  p.  99, 1S66. 

»Idem,  vol.  1.  pi.  10,  flg.  la. 

•  Engelhardt,  Hermann,  Naturwiss.  Gesell.  Isis  in  Dresden  Abh., 
1887,  p.  36,  pi.  1,  flgs.  10, 14;  idem,  1894,  p.  5,  pi.  1,  flgs.  6, 7, 14, 17. 
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ing  species  of  the  Gulf  States.  It  would  seem 
that  southeastern  North  America  during  the 
first  half  of  the  Eocene  afforded  the  closest 
botanic  parallel  with  southern  Europe  during 
the  later  Eocene  and  early  Oligocene. 

BanJcsia  saffordi  is  not  uncommon  at  a  con- 
siderable number  of  localities  and  horizons  in 
the  Wilcox  group.  It  is  most  common  in  the 
upper  embayment  area — that  is,  north  of  the 
boundary  between  Tennessee  and  Mississippi. 
The  locality  between  Grand  Junction  and  La 
Grange  is  at  least  150  feet  above  the  base  of  the 
Wilcox,  since  the  wells  of  that  depth  at  Grand 
Junction  fail  to  penetrate  the  underlying 
Porters  Creek  clay.  As  shown  by  well  records 
the  Wickliffe  plant  bed  is  about  450  feet  above 
the  base  of  the  Wilcox  and  the  plants  from 
Boaz  are  probably  from  about  the  same  level. 
Somervillo  is  nearer  the  top  of  the  Wilcox  and 
Grenada  is  at  the  extreme  top.  A  single  speci- 
men was  found  from  Boaz  on  the  reverse  of 
one  collected  by  Loughridge  and  labeled  Quer- 
cus  dsena  Unger  by  Lesquereux.^  The  species 
is  not  known  from  the  Ackerman  formation. 

Occurrence, — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Lagrange  formation 
(in  beds  of  Wilcox  age):  Somcrville,  Fayette 
County,  Tenn.  (collected  by  J.  M.  Safford);  IJ 
miles  west  of  Grand  Junction,  in  Fayette 
County,  Tenn.  (collected  by  L.  C.  Glenn  and 
E.  W.  Berry);  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry);  Wickliffe,  Ballard 
County,  Ky.  (collected  by  R.  H.  Loughridge 
and  L.  C.  Glenn);  and  Boaz,  Graves  County, 
Ky.  (collected  by  R.  H.  Loughridge). 

Collections, — ^U.  S.  National  Museum. 

Banksia  tenuifolia  Berry,  n.  sp. 

Plate  XXXVI,  figures  1-3. 

Description, — Leaves  linear  in  outline  and  va^ 
riable  iii  size,  ranging  from  12  to  30  centime- 
ters in  length  and  from  2  to  7  millimeters  in 
maximum  width,  which  is  near  the  middle  of 
the  leaf  but  somewhat  nearer  the  base.  Apex 
very  gradually  narrowed  to  an  acuminate  tip. 
Base  similarly  and  gradually  narrowed.  Mar- 
gins entire  for  the  basal  third  of  their  length, 
and  in  many  specimens  entire  for  considerable 
distances  in  the  distal  two-thirds  of  their  course, 

>  specimen  No.  ^74,  U.  S.  National  Museum,  which  was  recorded  as 
Querciu  ncriifolia  Alexander  Braun  by  Lesquereux  in  U.  S.  Nat.  Mus. 
Proc.,  vol.  11,  p.  12, 1888. 


or  with  irregularly  spaced  and  scattered  teeth. 
As  a  rule,  however,  the  margins  above  the  en- 
tire basal  portion  are  regularly  toothed.  The 
teeth  are  placed  singly  at  the  ends  of  seconda- 
ries and  range  from  dentate  points  directed  out- 
ward and  separated  by  shallow  equilaterally 
rounded  sinuses,  as  shown  in  Plate  XXXVI, 
figures  1  and  3,  to  rather  prominent,  serrate 
teeth,  directed  somewhat  upward  and  sepa- 
rated by  inequilateral  sinuses,  rounded  below 
and  straighter  above,  as  in  figure  2.  Petiole 
very  short,  practically  lacking,  since  the  lamina 
starts  from  the  extreme  base.  Midrib  stout, 
relatively  very  stout,  and  straight,  slightly 
curved  distad  in  some  of  the  narrower  speci- 
mens, occupying  one-third  of  the  total  width 
and  prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  numerous,  thin,  subparallel,  branch- 
ing from  the  midrib  at  angles  of  55°  to  65°  and 
curving  sUghtly  upward,  cr*«pedodrome  and 
terminating  in  the  marginal  teeth,  or  campto- 
drome  near  the  margin  in  the  entire  parts  of 
the  leaf.  Areolation  minute,  more  or  less  isodi- 
ametric,  composed  of  four,  five,  or  six  sided 
meshes.  Texture  very  coriaceous.  The  tex- 
ture and  thick  midrib  indicate  that  these  leaves 
were  very  rigid  in  Ufe,  and  they  were  also 
sUghtly  revolute,  since  the  margins  are  sharply 
and  broadly  -impressed  in  casts  of  the  lower 
surface. 

This  handsome  species,  though  clearly  con- 
generic with  Banksia  sqffordij  which  it  resem- 
bles in  numerous  details  of  its  structure,  is 
readily  distinguishable,  even  in  small  frag- 
ments, by  its  narrow  linear  and  greatly  elon- 
gated form  and  less  produced  teeth.  Though 
it  differs  considerably  in  size,  its  appearance  is 
Unchanged,  since  the  relative  proportions  are 
the  same  in  leaves  of  all  sizes,  from  the  small 
forms,  not  over  2  miUimeters  in  maximum  width 
with  nearly  entire  margins,  to  the  larger  forms, 
at  least  30  centimeters  in  length  with  regularly 
toothed  margins  distad. 

This  is  one  of  the  most  striking  forms  in  the 
Wilcox  flora  and  must  have  been  a  consider- 
able element  of  the  flora  toward  the  head  of  the 
embayment  since  it  has  not  been  collected  south 
of  Henry  County,  Tenn.  It  is  much  hke  a 
number  of  existing  AustraUan  species  of  Bank- 
sia and  Dryandra.  Perhaps  Banksia  spi'nvhsa 
R.  Brown  is  most  like  the  American  form. 
Though  similar  in  the  bulk  of  its  characters  to 
numerous  European  Oligocene  species.  Bank- 
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sia  ienuifolia  is  more  slender  and  seems  to  rep- 
resent the  extreme  of  elongation  in  the  fossil 
leaves  of  this  genus.  The  most  similar  fossil 
species  known  seems  ti^  be  BanJcsia  hngifolia 
Ettingshausen/  which  is  recorded  from  a  large 
nmnber  of  European  locahties,  ranging  in  age 
from  the  upper  Eocene  through  the  Oligocene 
and  into  the  basal  Mocene. 

Unger's  Plate  VII,  figure  1,  especially  the 
smaller  specimen  in  this  figure,  from  Sotzka, 
Styria,  and  Ettingshausen's  specimens  from 
Monte  Promina  in  Dalmatia,  figured  on  his 
Plate  VIII,  show  how  closely  this  somewhat 
later  European  form  approaches  its  American 
prototype,  linger  referred  this  species  to 
M3rrica  in  1850,  although  he  recognized  its 
proteaceous  resemblances.  Ettingshausen  was 
the  leading  exponent  of  the  proteaceous  affinity 
of  this  and  numerous  other  Tertiary  types. 
Controversy  was  at  one  time  quite  heated,  and 
among  others  Bentham  in  England  went  so  far 
as  to  doubt  the  ability  of  anyone  to  recognize 
a  fossil  leaf  of  the  Proteaceee.  I  think  anyone 
who  takes  the  trouble  to  look  into  the  subject 
will  find  it  difficult  not  to  see  proteaceous 
affinities  in  these  forms,  and  opinion  of  late 
years  has  been  practically  unanimous  that  this 
modem  antipodean  type  was  a  cosmopolitan 
Tertiary  type.  This  logical  conclusion  has 
been  fortified  by  the  discovery  of  abundant 
and  characteristic  fruits  of  several  of  the  genera. 

BanJcsia  ienuifolia  is  extremely  abundant  at 
Puryear,  Tenn.,  and  occurs  also  near  the  head 
of  the  embayment  both  in  northeastern 
Arkansas  and  western  Kentucky. 

Occurrence. — Wilcox  group,  4  miles  south- 
west of  BoydsviUe,  Clay  County,  Ark  (col- 
lected by  E.  W.  Berry).  Lagrange  formation 
(in  beds  of  Wilcox  age),  Puryear,  Henry 
County,  Tenn.  (collected  by  E.  W.  Berry),  and 
Wickliffe,  Ballard  County,  Ky.  (collected  by 
R.  H.  Loughbridge  and  L.  C.  Glenn). 

Collections. — U.  S.  National  Museum. 

Banksia  puryearexsis  Berry,  n.  sp. 

Plate  XXXVI,  figure  4. 

Description. — Leaves  of  different  sizes,  lanceo- 
late to  oblong-lanceolate  and  most  of  them 
falcate  in  general  outUne,  widest  at  or  below 

>  Ettingshausen,  C.  von,  Die  Proteaceen  der  Vorwelt,  p.  22,  pi.  2, 
fig.  19,  18S1;  Die  tertLIre  Flora  von  Hiiring  In  Tirol,  p.  53,  pi.  15,  figs. 
11-26, 1853;  Die  eocene  Flora  des  Monte  Promina,  p.  33,  pi.  7,  figs.  12-14, 
pi.  8, 1855.  Unger,  Frans,  Die  fossUe  Flora  von  Sotzka,  p.  29,  pi.  6,  fig. 
2;  pi.  7,  flg.  1, 1850. 


the  middle,  from  which  point  they  taper 
gradually  upward  to  the  acuminate  tip  and 
downward  to  the  narrowly  cuneate  base. 
Length  ranges  from  5.5  to  11  centimeters. 
Maximum  width  ranges  from  1.2  to  1.5  centi- 
meters. Margins  entire  in  the  lower  half  of 
the  leaf,  with  very  fine,  remote,  irregidarly 
spaced,  serrate  teeth  above  the  middle.  Tex- 
ture subcoriaceous.  Petiole  short  and  stout, 
about  6  to  8  millimeters  in  length.  Midrib 
stout,  prominent,  and  curved.  Secondaries 
thick,  numerous,  diverging  from  the  midrib 
at  angles  of  more  than  45°,  pm^uing  a  rather 
straight  course;  those  in  the  lower  half  of  the 
leaf  are  joined  at  their  ends  by  flat  camptodrome 
arches  subparallel  with  the  leaf  margin;  some 
of  those^  in  the  upper  part  of  the  leaf  are 
craspedodrome,  running  to  the  marginal  teeth. 
Tertiaries  immersed  in  the  leaf  substance. 

This  species  presents  some  of  the  features 
of  Myrica,  to  which  genus  it  may  belong.  It 
seems,  however,  to  be  more  closely  aUied  to  the 
two  species  of  Banksia  that  are  so  abundant 
in  the  Wilcox.  It  is  much  less  elongated  and 
relatively  wider  than  either  BanJcsia  ienuifolia 
Berry  or  BanJcsia  saffordi  (Lesquereux)  Berry, 
differing  widely  from  the  greatly  elongated, 
narrowly  linear,  toothed  leaves  of  ienuifolia, 
and  with  much  finer  teeth,  shorter  petiole,  and 
thinner  texture  than  saffordi.  It  is  not  unUke 
certain  European  Tertiary  and  modem  Aus- 
tralian species  of  Banksia. 

Occurrence.— ^hsLgra,nge  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

CoUeciion. — U.  S.  National  Museum. 

Order  ABISTOLOGHIALES. 

Family  ABISTQLOCHIACEA. 

Genus  ARISTOLOCHIA  Linn^. 

AuisTOLOCHiA  wiLcoxiANA  Berry,  n.  sp. 

Plate  XXXVIII,  figure  3. 

Description. — Fruit  a  large  capsule,  oblong- 
elliptical  in  lateral  view,  as  shown  in  the  figure, 
presumably  nearly  circular  in  transverse  section, 
the  surface  marked  with  obscure  longitudinal 
ridges,  of  which  three  are  indistinctly  shown 
in  the  figured  specimen.  Evenly  and  broadly 
rounded  distad,  somewhat  narrowed  proximad, 
where  it  is  broken  away  from  the  peduncle. 

The  present  form  appears  to  represent  the 
fruit    of    a   Wilcox    species    of    Aristolochia. 
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Leaves,  recognizable  as  such,  are  not  known 
from  the  Wilcox,  but  a  species  of  Aristolochia 
is  represented  by  leaves  in  the  embayment 
area  toward  the  top  of  the  Claiborne  group 
(Aristolochia  claibomiana  Berry,  unpubhshed) 
and  a  smaller  fruit  has  been  recognized  by 
Knowlton  from  the  lower  Eocene  of  New 
Mexico  (Raton  formation). 

The  genus  Aristolochia  is  represented  in 
the  existing  flora  by  more  than  200  species, 
chiefly  vines,  which  are  conunonly  of  great 
length,  Uving  in  temperate  but  mostly  in 
tropical  countries.  The  fruits  are  many  seeded 
generally  six-celled  capsules,  and  a  large  num- 
ber of  the  modem  species  have  fruits  very 
similar  to  this  fossil  species. 

There  are  more  than  a  dozen  described 
fossil  species  of  Aristolochia  based  on  both 
foliage  and  fruit,  the  oldest  remains  of  the 
fruit  being  a  species  described  by  Bayer*  as 
Aristolochia  tecomaRcarpa  from  the  Upper  Cre- 
taceous (Cenomanian)  of  Bohemia.  The  pres- 
ent fruit  is  not  very  different  from  Aristolochia 
omingensis  Heer'  from  the  Swiss  Miocene, 
which  was  also  identified  by  Lesquereux  from 
the  Tertiary  lignites  of  Brandon,  Vt.*  A 
large  number  of  fruits  referred  to  Aristolochites 
have  been  described  from  these  lignites. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  IJ  miles  west  of  Grand  Junction, 
in  Fayette  County,  Tenn.  (collected  by  E.  W. 
Berry). 

Collection. — U.  S.  National  Museum. 

Order  POLYGONAI^S. 

FaxnUy  POLYGONACEA. 

Genus  COCCOLOBIS  P.  Browne. 

CoccoLOBis  EOLiGNmcA  Berry,  n.  sp. 

Plate  XXXVIII,  figure  4. 

Description. — Leaves  obovatc  or  elliptical  in 
general  outline^  with  a  broadly  rounded  or 
shghtly  emarginate  apex  and  a  broadly  cuneate 
or  slightly  decurrent  base.  Length  about  9 
centimeters.  Maximum  width,  in  the  middle 
part  of  the  leaf,  about  4.6  centimeters.  Mar- 
gins entire,  slightly  undulate.  Texture  cori- 
aceous. Petiole  stout,  about  1.5  centimeters 
in  length.  Midrib  stout,  curved,  prominent 
on  the  lower  surface  of  the  leaf.     Secondaries 

1  Bayer,  E.,  K.  b5hm.  Gesell.  Wlss.  Sitzungsber.,  1^^,  No.  20,  p.  29, 
text  figs.  10, 10a,  pi.  1,  flgs.  7,  8, 19G0. 

«Heer,  Oswald,  Flora  tertiaria  Ilclvetifp,  vol.  2,  p.  104,  pi.  100, 
fig.  lib,  1856. 

»  Lesquereux,  Jjeo,  Geology  of  Vermont,  vol.  2,  p.  715,  flg.  134,  1861. 


thin,  distant,  irregularly  spaced,  about  six 
alternate  pairs.  They  diverge  from  the  mid- 
rib at  angles  ranging  from  45^  to  60°  and  pursue 
a  somewhat  irregular,  more  or  less  curved,  and 
slightly  flexuous  course,  the  lower  ones  con- 
tinuing upward  parallel  with  the  lateral  mar- 
gins, the  upper  shorter  and  more  strongly 
curved,  a  type  of  secondary  venation  ordi- 
narily found  in  Comus,  Rhamnus,  and  Ber- 
chemia.     Tertiaries  obsolete. 

This  fine  leaf  is  obviously  unlike  any  other 
member  of  the  Wilcox  flora.  It  resembles  in 
a  general  way  the  somewhat  smaller  leaves  of 
Bourreria  P.  Browne,  a  tropical  American 
genus  of  the  Boraginacese,  one  species  of 
which,  Bourreria  Jiavanensis  Miers,  reaches  the 
keys  of  southern  Florida.  On  the  whole  the 
fossil  has  more  of  the  characters  of  Coccolobis 
and  may  be  compared  with  the  leaves  of  the 
existing  Coccolobis  laurifolia  Jacquin,  the 
pigeon  plimi,  which  is  such  an  abundant  sea- 
coast  tree  of  the  Florida  Keys,  of  the  Bahamas 
and  many  of  the  Antilles,  as  well  as  of 
Venezuela.  The  genus  Coccolobis  is  confined 
to  America  in  the  existing  flora  and  comprises 
more  than  120  species,  which  are  distributed 
from  southern  Florida  through  the  West 
Indies  to  Brazil  and  from  Mexico  and  Central 
America  to  Peru.  This  or  a  closely  allied 
genus  is  represented  in  the  Upper  Cretaceous 
Tuscaloosa  flora  of  northwestern  Alabama,  and 
several  species  of  Coccoloba  have  been  de- 
scribed by  Ettingshausen*  from  the  Aquitanian 
of  Europe.  A  small  leaf  of  questionable  affini- 
ties from  Carbon,  Wyo.,  was  ako  described 
by  Lesquereux  as  Coccoloba  Isevigata,^  and  Engel- 
hardt  has  described •  a  form  from  the  early 
Tertiary  (Eocene  or  Ohgocene)  of  Coronel,  in 
Chile,  which  he  calls  PhyUites  coccolobsefolia. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(coUected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Musexmi. 

Coccolobis  uviferafolia  Berry,  n.  sp. 

Plate  LXXXVII,  figure  5. 

Description. — Leaves  subsessile,  eUiptical  to 
orbicidar  in  general  outline,  with  a  broadly 

4  Ettingshausen,  C.  von,  Die  fossile  Flora  des  Tertiar-B«ckens  von 
Bilin,  pt.  1,  pp.  88,  89,  pi.  30,  figs.  1,  2, 1866. 

6  Lesquereux,  Leo,  The  Tertiary  flora,  p.  208,  pi.  35,  flg.  7, 1S78. 

*  Engelhardt,  Ilermami,  Senckenbergische  naturf.  Gesell.  Abb.,  vol. 
16,  pt.  4,  p.  683,  pi.  4,  flg. '8b;  pi.  12,  flg.  6, 1891. 
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rounded  apex  and  a  cordate  base.  Length 
about  8.5  centimeters.  Maximum  width, 
midway  between  the  apex  and  the  base,  about 
7.5  centimeters.  Margins  entire,  full  and  un- 
dulate. Texture  coriaceous.  Petiole  short 
and  broad,  practically  wanting.  Midrib  stout, 
prominent,  curved.  Secondaries  stout,  four  or 
five  subopposite  pairs,  the  lower  pairs  diverging 
from  the  midrib  at  wide  angles,  the  upper  one 
or  two  pairs  at  acute  angles,  all  pursuing  ex- 
tended, somewhat  flexuous,  sweeping,  curved 
courses,  eventually  parallel  with  the  margin 
along  which  they  arch. 

The  present  well-marked  species  is  named 
from  its  resemblance  to  the  existing  Coccolobis 
uvifera  Jacquin,  which  inhabits  tidal  shares  and 
beaches  from  Mosquito  Inlet  and  Tampa  Bay 
southward  along  the  coast  of  peninsular  Florida 
and  is  common  in  the  Bermuda  and  Bahama 
Islands,  in  the  Antilles,  and  along  the  South 
American  coast  from  Colombia  to  Brazil.  The 
fossil  leaves  are  somewhat  smaller  than  those 
of  the  existing  species,  but  otherwise  they  agree 
closely  in  all  of  their  characters.  A  character- 
istic view  of  the  habitat  of  the  modem  species 
is  shown  on  Plate  VIII. 

Coccolobis  uviferafolia  differs  from  the  other 
Wilcox  species,  Coccolobis  eolignitica  Berry,  in 
about  the  same  way  that  the  existing  Coccolobis 
uvifera  Jacquin  differs  from  the  other  Florida 
species,  Coccolobis  laurifolia  Jacquin.  It  is  an 
interesting  fact  that  these  two  modern  types  of 
the  Florida  Keys  and  tropical  America  should 
be  associated  along  the  Wilcox  coast  in  western 
Tennessee. 

There  are  likewise  two  species  in  the  flora  of 
the  overlying  Claiborne  group,  one  of  which, 
Coccolobis  columbianus  Berry,  greatly  resem- 
bles the  present  species. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Order  CHENOPODIALES. 

Family  NYCTAGINACEA. 

Genus  PISONIA  Liim^. 

PisoNiA  EOLIGNITICA  Berry,  n.  sp. 

Plate  XXXVIII,  figures  5  and  6. 

Description, — Leaves  small  and  sessile,  ob- 
lanceolate  to  obovate  in  general  outline,  the 
apex    rounded    or  obtusely  pointed    and   the 


base  narrowly  cuneate  or  slightly  decurrent. 
Length  ranges  from  2.6  to  3.1  centimeters. 
Maximum  width,  at  or  above  the  middle  of 
the  leaf,  ranges  from  7.5  to  12  millimeters. 
The  narrower  leaves  are  thus  somewhat 
spatulate  in  appearance.  Margins  entire, 
full,  and  rather  evenly  rounded,  except 
where  they  straighten  to  form  the  cu- 
neate base,  decidedly  revolute.  Texture  thick 
and  coriaceous,  the  venation,  except  for  the 
midrib,  being  entirely  immersed  and  obsolete. 
The  midrib  is  stout,  nearly  straight,  and  promi- 
nent on  the  lower  surface  of  the  leaf.  This 
feature  is  well  shown  in  the  larger  of  the  two 
figured  specimens,  which  represents  a  leaf  with 
its  substance  preserved,  the  under  side  being 
exposed  and  showing,  in  addition  to  the  stout, 
prominent  midrib,  the  revolute  character  of  the 
very  entire  margin.  The  midrib  is  not  at  all 
prominent  on  the  upper  surface  of  the  leaf  and 
is  scarcely  discernible,  even  toward  the  base, 
in  the  smaller  specimen  figured,  which  is  a  nar- 
row form  of  this  species  that  is  preserved  with 
the  upper  surface  exposed. 

This  is  a  well-marked  species,  readily  distin- 
guished by  the  absence  of  a  petiole  and  by  its 
broad  tip,  narrow  base,  thick  substance,  and 
revolute  margins,  all  features  that  serve  to  sep- 
arate it  from  the  following  associated  species. 
It  is  very  similar  to  several  existing  American 
species  of  Pisonia,  for  example  Pisonia  longifolia 
Sargent,  which  extends  northward  from  Brazil 
through  the  West  Indies  to  the  Florida  Keys  as 
far  as  Cape  Canaveral.  Pisonia  longifolia  is  a 
fair-sized  tree  with  an  erect  or  inclined  trunk, 
an  inhabitant  of  sea  beaches  and  the  shores  of 
salt-water  lagoons.  Its  most  striking  difference 
from  the  fossil  is  in  the  petiolatc  character  of 
the  leaves,  the  petioles  being  about  1.25  centi- 
meters in  length.  Other  comparable  existing 
American  forms  are  Pisonia  floridana  Britton 
and  Pisonia  macranthocarpa  Donnell  Smith. 

Guppy  states  that  the  seeds  of  the  Polynesian 
species  have  no  buoyancy,  but  that  the  fruits 
are  sticky  and  are  distributed  by  their  property 
of  adhering  to  the  plximage  of  birds. 

The  modem  species  of  Pisonia  are  numerous 
and  occur  chiefly  in  the  Tropics  in  both  hemi- 
spheres, but  mostly  in  America.  About  a  dozen 
fossil  species  are  known  and  there  are  several 
different  forms  in  the  European  Tertiary,  some 
of  them  represented  by  fruits  as  well  as  leaves. 
Pisonia  makes  its  appearance  in  the  Upper 
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Cretaceous  of  both  America  and  Europe  (North 
Carolina  and  Bohemia).  In  addition  to  the 
species  described  below  Pisonia  dailxymensis 
Berry  is  found  in  the  flora  of  the  Claiborne 
group  in  Georgia  and  Louisiana,  and  Pisonia 
jcLcJcsoniana  occurs  in  deposits  of  Jackson  age 
in  Arkansas. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Pisonia  chlorophylloides  Berry,  n.  sp. 

Plates  XXXVII,  figure  1,  and  XLII,  figure  1. 

Qturcus  chlorophylla.  Leequereux  (in  part,  not  Unger), 
Am.  Philoe.  Soc.  Trans.,  vol.  13,  p.  416,  pi.  17,  fig.  7 
(not  figs.  5,  6),  1869. 

Description. — Leaves  relatively  large,  obo- 
vate  in  general  outline,  the  apex  rounded  and 
the  base  cuneate  and  decurrent.  Length  about 
6  centimeters.  Maximum  width,  slightly  above 
the  middle,  about  2.8  centimeters.  Median 
lateral  margins  full  and  rounded.  From  the 
region  of  maximum  width  the  margins  curve 
inward  rapidly  distad  to  the  broadly  rounded 
tip.  They  likewise  curve  inward  proximad, 
curving  outward  in  the  basal  region  to  form 
the  decurrent  base.  Margins  entire,  slightly 
irregular.  Texture  coriaceous.  Petiole  miss- 
ing in  the  type  specimen,  evidently  short  and 
stout.  Midrib  very  stout  proximad,  becom- 
.ing  thin  distad,  curved,  prominent  on  the  lower 
surface  of  the  leaf.  Secondaries  thin,  mostly 
immersed  in  the  leaf  substances,  six  or  seven 
pairs,  diverging  from  the  midrib  at  angles  of 
about  50®  to  55®  and  camptodrome  in  the  mar- 
ginal region.     Tertiaries  entirely  obsolete. 

This  species  is  much  larger  than  the  associ- 
ated Wilcox  species  of  Pisonia,  which  it  resem- 
bles in  a  general  way.  It  approaches  the  Clai- 
borne species  Pisonia  claihomensis  Berry  *  but 
is  abundantly  distinct.  Among  previously  de- 
scribed fossil  species  it  is  most  similar  to  Pisonia 
eocenica  Ettingshausen,^  a  common  European 
species  that  makes  its  appearance  at  the  base 
of  the  Oligocene. 

There  are  several  existing  American  species 
that  are  much  like  Pisonia  chlorophylloides y  the 
most  similar  being  probably  Pisonia  acuUata 
Linn6,  the  type  of  the  genus. 

>  Berry,  E.  W.,  ir.  S.  Geol.  Survey  Prof.  Paper  M,  p.  140,  pi.  28,  ng.3, 
1914. 

» Ettingshauscn,  C.  von,  Die  terti&re  Flora  von  llilring  in  Tirol,  p.  43, 
pi.  11,  figs.  1-22, 1853. 


Occurrence. — ^Ackerman  formation,  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  Hilgard). 

Collection. — ^University  of  Mississippi. 

Pisonia  puryearensis  Berry,  n.  sp. 

Plate  XXXVIII,  figure  7. 

Description. — Leaves  small,  elliptical  in  gen- 
eral outline,  the  margins  slightly  incurved  dis- 
tad to  form  the  narrowly  rounded  apex.  Base 
about  equally  rounded,  but  basal  margins 
evenly  rounded  and  not  incurved  to  match  the 
apex.  Length  about  3.2  centimeters.  Maxi- 
mum width,  in  the  middle  part  of  the  leaf, 
about  1.2  centimeters  or  slightly  less.  Margins 
entire.  Texture  coriaceous  but  leaf  substance 
not  nearly  as  thick  as  in  the  preceding  species. 
Petiole  stout  and  curved,  about  3  millimeters 
in  length.  Midrib  rather  stout,  much  thinner 
•than  in  Pisonia  eolignitica  Berry,  slightly 
curved  toward  its  tip.  Secondaries  thin, 
mostly  immersed,  ascending,  curved,  campto- 
drome. 

This  species  has  thinner,  petiolate,  and  more 
elliptical  leaves  than  Pisonia  chlorophylloides, 
from  which  it  is  readily  distinguishable.  Su- 
perficially it  approaches  some  of  the  leaflets  of 
the  Csesalpiniacese  and  Mimosacese  of  the  Wil- 
cox flora,  as,  for  example,  those  of  the  genus 
Cassia,  which  are,  however,  as  a  rule,  thinner 
and  have  short  or  no  petiolules  and  different 
venation.  It  is  not  unlike  several  existing 
American  species  of  Pisonia,  with  which  com- 
parisons have  been  made.  A  similar  fossil  form 
from  the  Tertiary  of  Ecuador  is  referred  to  the 
genus  Vochysia  Jussieu  by  Engelhardt'  and 
compared  with  the  existing  Brazilian  Vochysia 
eUiptica  Martins. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museimi. 

Order  BANAISS. 

Fanuly  MAGNOLIACEA. 

Genus  MAGNOUA  Uim^. 

Magnolia  angustifolia  Newberry. 

Magnolia  attenuata.  Lesquereux  (not  Weber),  The  Ter- 
tiary flora,  p.  250,  pi.  45,  fig.  6,  1878. 

Magnolia  angiistifoHa.  Newberry,  U.  S.  Nat.  Mus.  Proc., 
vol.  5,  p.  513,  1882  (1883). 


»  EiiKClhardt,  Hermann,  Senckenberglscbe  naturf.  Oesell.  Abh.,  vol. 
19,  p.  15,  pi.  1,  fig.  6, 1S95. 
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Magnolia  lanceolata.  Hollick  (not  Lesquereux),  in  Harris, 
G.  D.,  and  Veateh,  A.  C,  A  preliminary  report  on 
the  geology  of  Louisiana,  p.  282,  pi.  40,  1899. 

Description. — ^Leaves  large,  lanceolate  in 
general  outline,  with  a  pointed  tip  and  a  nar- 
rowly ciHieate,  slightly  decurrent  base.  Length 
ranges  from  19  to  30  centimeters.  Maximum 
width,  about  midway  between  the  apex  and 
the  base,  ranges  from  5.25  to  7.5  centimeters. 
Margins  entire.  Texture  subcoriaceous.  Petiole 
stout,  its  whole  length  not  preserved.  Midrib 
stout  and  straight,  prominent  on  the  lower  sur- 
face of  the  leaf.  Secondaries  relatively  thin, 
remote,  about  10  opposite  to  alternate  pairs. 
They  diverge  from  the  midrib  at  angles  of  about 
50®,  curving  upward  somewhat  abruptly  two- 
thirds  of  the  distance  to  the  margin,  and  ascend- 
ing along  it  in  a  camptodrome  manner. 

This   fine  large   species   was   described   by 
Newberry  in  1882,  but  not  figured,  the  only 
published  figure  being  the  lower  half  of  a  leaf 
from  the  type  locality  at  Fishers  Peak,  N.  Mex. 
(Raton  formation),  identified  by  Lesquereux 
four  years  earlier  as  Magnolia  attermata  Weber. 
It  is  obviously  distinct  from  that  species.     Its 
occurrence  in  the  Wilcox  flora  is  thus  far  limited 
to  the  large  specimen  from  Coushatta  identified 
by  Hollick  as  Magnolia  lanceolata  Lesquereux,^ 
a  single  nearly  complete  leaf  from  Puryear, 
Tenn.,  collected  by  me,  and  fragmentary  speci- 
mens   from    the   vicinity    of    Naborton,    La. 
Though  the  general  form  and  size  are  similar 
to   Ma{fnolia  lanceolata  the   two  are  perfectly 
distinct.     Magnolia    angustifolia     has     much 
fewer  secondaries,  at  a  different  angle  of  diver- 
gence and  curving  upward   more  abruptly  in 
the  marginal  region.     It  is  also  more  lanceolate 
rather  than  oblanceolato.     It  is  a  form  abun- 
dant  in  the  recent  Lee  collections  from  the 
Raton  region  of  New  Mexico,  which  have  been 
described  by  Knowlton,  and  adds  another  link 
in  the  correlation  of  the  Rocky  Mountain  lower 
Eocene     with     that    of    southeastern    North 
America. 

Occurrence. — WUcox  group,  Coushatta,  Red 
River  Parish,  La.  (collected  by  G.  D.  Harris), 
and  2  miles  south  of  Naborton,  De  Soto  Parish, 
La.  (collected  by  O.  B.  Hopkins) .  Lagrange  for- 
mation (in  beds  of  Wilcox  age),  Puryear,  Henry 
County,  Tenn.  (collected  by  E.  W.  Berry). 

Collections. — U.  S.  National  Museum;  New 
York  Botanical  Garden. 

>  Lfflsquereux,  X^eo,  Maa.  Comp.  Zool.  Mem.,  vol.  6»  nu.  2,  p.  24,  pi.  G, 
fig.  4, 1878. 


Magnolia  leei  Knowlton. 

Plate  XLIII,  figures  1  and  2. 

Magnolia  Led.    Knowlton,   U.    S.   Geol.    Survey   Prof. 
Paper  (MS.). 

Description. — ^Leaves  medium  sized  to  large, 
ranging  from  13  to  30  centimeters  in  length  and 
from  5.5  to  8  centimeters  in  maximum  width, 
the  larger  leaves  being  relatively  much  nar- 
rower than  the  smaller  leaves.  The  maximum 
width  of  most  of  the  material  is  very  close  to 
7  centimeters.  There  is  considerable  differ- 
ence in  the  form  of  the  leaves.  The  shorter  are 
slightly  obovate  in  general  outline,  the  maxi- 
mum width  being  just  above  the  middle. 
From  this  point  the  fully  rounded  lateral  mar- 
gins curve  slightly  inward  proximad  to  the 
gradually  narrowed  and  decurrent  base ;  distad 
they  curve  inward  somewhat  more  abruptly  and 
are  then  more  or  loss  greatly  extended  and 
acuminate.  The  larger  leaves  are  more  nearly 
oblong-lanceolate  in  outline,  for  though  the  re- 
gion of  maximum  width  is  still  above  the  middle, 
it  is  distinguished  by  the  narrower  form  of  the 
leaf  and  the  nearly  equal  narrowing  of  the  apex 
and  the  base.  Margin  entire,  but  as  a  rule 
slightly  undulate,  its  shallow  waves  following 
closely  the  distal  bowing  of  the  camptodrome 
secondaries.  Texture  relatively  thin  for  such 
large  leaves,  apparently  stiff  but  not  at  all  merit- 
ing the  term  coriaceous.  Petiole  short  and  stout. 
Midrib  stout,  somewhat  curved  in  all  the  mate- 
rial examined,  prominent  on  the  lower  surface  of 
the  leaf.  Secondaries  relatively  thin  and  dis- 
tant for  leaves  of  this  size,  prominent,  8  to  15 
pairs,  ranging  in  position  from  alternate  to  sub- 
opposite,  branching  from  the  midrib  at  angles, 
ranging  from  55®  to  62°  in  the  median  region 
of  the  leaf,  from  43°  to  63°  in  the  distal  region, 
and  from  46°  to  67°  in  the  proximal  region. 

The  spacing  of  the  secondaries  at  their  origin 
from  the  midrib  ranges  from  14  to  26  milli- 
metera  in  the  median  region  of  a  single  speci- 
men. Where  the  interval  is  wider  an  un- 
usually large  tertiary  branches  from  the  mid- 
rib in  the  upper  half  of  the  space,  at  a  wider 
angle  than  the  secondaries,  and  runs  with  but 
sUght  curvature  to  the  lower  secondary.  The 
secondaries  are  all  regularly  curved  upward, 
arching  along  and  close  to  the  margin,  eventu- 
ally and  finely  camptodrome.  Tertiaries,  with 
the  exception  of  the  enlarged  ones  just  de- 
scribed, very  thin,  largely  percurrent. 


216 


LOWER  EOCENE  FLORAS  OF  SOUTHEASTERN   NORTH  AMERICA. 


The  large  and  more  lanceolate  specimen  fig- 
ured is  superficially  unlike  tlie  smaller  one 
figured  and  may  be  thought  to  be  distinct  from 
it  by  some  students.  These  two  extremes  are 
so  closely  connected  by  gradations  that  the 
conclusion  is  irresistible  that  they  represent  the 
limits  of  variation  in  leaf  form  of  a  single 
species. 

It  was  recently  described  from  the  Raton 
formation  of  the  southern  Rocky  Mountain 
province  in  Colorado  and  New  Mexico,  a 
slightly  earlier  horizon,  where  it  is  exceedingly 
abimdant  and  varied.  Several  fine  large  speci- 
mens have  the  apex  extended  as  a  strikingly 
slender  acumen. 

Occurrence, — ^Ackerman  formation,  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  N.  Lowe  and 
E.  W.  Berry) .  Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collections, — U.  S.  National  Museum. 

Fazxuly  ANONACEA. 
Genus  ANONA  Linii6.' 

Anona  wilcoxiaxa  Berry,  n.  sp. 

Plate  XLI,  figures  1  and  2. 

Description, — Leaves  of  medium  size,  ellipti- 
cal in  general  outline,  the  tip  somewhat  nar- 
rowed and  rounded  and  the  base  rounded  or 
slightly  pointed.  Length  about  12  centimeters. 
Maximum  width,  in  the  middle  part  of  the  leaf, 
about  4.25  centimeters.  Margins  entire.  Tex- 
ture coriaceous.  Petiole  short  and  extremely 
stout,  about  1.25  to  1.5  centimeters  long.  Mid- 
rib very  stout  and  prominent.  Secondaries 
stout,  eight  or  nine  alternate,  rather  distant 
pairs;  they  diverge  from  the  midrib  at  angles 
of  50°  to  80°,  and  sweep  upward  in  broad,  sub- 
parallel  curves,  becoming  parallel  with  the  lat- 
eral margins,  along  which  they  arch  for  con- 
siderable distances,  especially  in  the  lower  half 
of  the  leaf.  Terfiaries  thin  but  well  marked, 
nearly  straight  and  percurrent  transverse  to 
the  long  axis  of  the  leaf. 

This  species  is  well  marked,  as  may  be  seen 
from  the  figured  specimens,  which  have  been 
chosen  to  show  the  range  of  variation  in  the 
character  of  the  base.  Remains  referable  to 
the  genus  Anona  have  not  been  found  in  any 
great    abundance    in    North    America.     Les- 

^  The  name  of  the  genus  is  often  spelled  Annona. 


quereux  many  years  ago  described  a  species 
from  the  Dakota  sandstone  of  Kansas  and  an- 
other from  the  lower  Eocene  of  Colorado.  Re- 
cently Cockerell  has  described  a  third  Ameri- 
can species  from  the  Miocene  of  Florissant, 
Colo.  More  than  10  species,  based  on  both 
seeds  and  fruits,  ranging  in  age  from  the  Eo- 
cene to  the  Pliocene,  have  been  described  from 
the  European  Tertiary.  Ettingshausen  '  men- 
tions two  new  species  of  Anona  leaves  in  the 
Alum  Bay  clays  (Ypresian). 

The  existing  species,  many  of  which  are  eco- 
nomically valuable,  number  about  60,  all  of 
them  American  except  two  or  three  forms  of 
Africa  and  tropical  Asia.  Several  forms  are 
widely  cultivated  in  all  tropical  countries,  and 
their  original  home  has  been  a  matter  of  dis- 
pute, since  the  cultivation  of  some  species 
probably  antedated  the  discovery  of  America. 
This  is  indicated  by  the  description  of  Anona 
squamosa  Linn6,  written  by  Oviedo  as  early  as 
1535. 

A.  de  Candolle,^  after  his  extensive  systematic 
studies  of  the  Anonaceee,  reached  the  conclu- 
sion that  Anona  was  of  American  origin  and 
that  the  ancestors  of  the  cosmopolitan  culti- 
vated forms  probably  came  from  the  West  In- 
dies or  from  the  neighboring  part  of  the  Ameri- 
can continent.  This  is  unquestionably  true 
not  only  of  the  cultivated  forms  but  of  the 
genus  as  a  whole,  the  present  and  associated 
species  furnishing  early  Eocene  ancestors  of 
the  modem  forms. 

Among  fossil  species  Amma  wilcoxiana  Berry 
may  be  compared  with  An/ma  eUiptica  Unger  * 
from  the  European  Miocene,  a  form  with  very 
similar  leaves.  Among  recent  forms  it  is 
scarcely  to  be  distinguished  from  Anona  glabra 
Linn6,  the  only  species  that  reaches  southern 
Florida — a  stout  tree  of  dense  growth,  com- 
monly with  buttressed  roots,  that  grows  in 
shallow  ponds,  swampy  hammocks,  and  low 
stream  borders  near  the  coast,  associated  with 
ferns  of  the  genera  Menisciiun,  Acrostichum, 
and  Dryopteris.  It  is  found  on  both  coasts  of 
tropical  America  and  extends  through  the 
Bahamas  and  many  of  the  Antilles.  It  also 
occurs  on  the  west  coast  of  Africa,  having 
possibly  been  spread  by  the  very  light  branches 

«  Ettingshausen,  C.  von,  Roy.  Soc.  London  Proc.,  vol.  30,  p.  234, 1880. 
•  Oj^praphio  botanique,  p.  859,  1S55. 

« Unger,  Franz,  Sylloge  plantarum  fossilium,  pt.  3,  p.  43,  pi.  14,  figs.l, 
2,18GC. 
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with  fruit  which  were  transported  by  currents. 
Most  of  the  species  are  coastal  forms  of  different 
habitats.  Guppy  mentions  quantities  of  seeds 
of  Anona  paludosa  in  the  drift  of  the  Guaya- 
quil River  estuary,  many  of  them  in  a  germi- 
nated condition.  Safford  mentions  that  Anona 
reticulata  is  readily  naturalized  in  Guam  and 
other  parts  of  the  oriental  Tropics,  where  it 
occupies  a  prominent  place  in  the  scrub  of  the 
inner  beaches.  It  seems  probable  that  this  and 
the  other  Wilcox  species  of  Anona  inhabited 
the  low  shores  of  coastal  lagoons  or  the  lower 
and  more  or  less  swampy  reaches  of  the  tribu- 
tary streams.  No  seeds  referable  to  Anona 
have  been  discovered  in  the  clays  of  the  Wilcox 
group,  but  Lesquereux  many  years  ago  re- 
corded seeds  from  Oxford,  Miss.,  which  he 
described  as  Asimina  leiocarpa. 

Occurrence. — Lagrange  formation  (in  beds 
of  Wilcox  age) ,  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry);  bed  of  Mobley 
Creek,  4  miles  southwest  of  Trenton,  Gibson 
County,  Tenn.  (collected  by  Bruce  Wade). 
Wilcox  group,  2  miles  and  5  miles  southeast  of 
Naborton  and  sec.  28,  T.  13  N.,  R.  12  W.,  De 
Soto  Parish,  La.  (collected  by  G.  C.  Matson  and 
O-  B.  Hopkins). 

Collections. — ^U.  S.  National  Musemn. 

Anona  EOLiONmcA  Berry,  n.  sp. 

Plate  XLII,  figures  2-4. 

Descripti^on. — Leaves  of  medium  size,  oblong- 
elliptical  in  general  outUne,  the  apex  and  base 
rounded  or  bluntly  pointed.  Length  ranges 
from  10  to  16  centimeters.  Maximum  width, 
in  the  middle  part  of  the  leaf,  ranges  from  4.25 
to  5.5  centimeters.  Margins  entire,  very 
slightly  imdulate  on  some  specimens.  Texture 
coriaceous.  Short  and  stout,  enlarged  proxi- 
mad,  about  6  millimeters  in  length.  Midrib 
stout,  prominent  on  the  lower  surface  of  the 
leaf.  Secondaries  stout  but  immersed  in  the 
leaf  substance,  about  10,  evenly  spaced,  oppo- 
site to  alternate  pairs,  diverging  from  the  mid- 
rib at  angles  of  70®  to  80°,  curving  regidarly 
upward  and  camptodrome.  Tertiaries  largely 
obsolete. 

This  species  is  smaller,  relatively  more  elon- 
gated, and  more  robust  than  Anona  ampla 
Berry.  It  is  much  hke  Anona  wilcoxiana  Berry 
and  may  possibly  be  a  variant  of  that  species, 


although  it  is  more  narrowed  distad,  has  less 
prominent  venation,  and  in  spite  of  its  lai^er 
size  has  a  much  slenderer  midrib. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry).  Wilcox  group, 
sec.  28,  T.  13  N.,  R.  12  W.,  4^  miles  and  5 
miles  southeast  of  Naborton,  De  Soto  Parish, 
La.  (collected  by  G.  C.  Matson  and  O.  B. 
Hopkins). 

Collections. — U.  S.  National  Museum. 

Anona  ampla  Berry,  n.  sp. 

Plates  XXXIX,  figure  1;  XL,  figure  1;  and  XLI,  figure  3. 

Descriptixm. — Leaves  relatively  large,  elUp- 
tical  in  geneial  outline,  ranging  from  17  to  22 
centimeters  in  length  by  about  8  to  8.5  centi- 
meters in  maximmn  width,  at  or  slightly  below 
the  middle.  Apex  narrowed,  rounded  or 
bluntly  short  pointed.  Base  rounded.  Mar- 
gins entire.  Leaf  substance  thin  for  so  large  a 
leaf.  Petiole  stout,  not  preserved  for  its  whole 
length,  at  least  1  centimeter  long.  Midrib 
stout,  less  so  than  in  Aiuma  wilcoxiana  Beny, 
and  narrower  as  well  as  rounder.  Secondaries 
relatively  thin,  about  nine  subopposite  to  alter- 
nate, rather  evenly  spaced  pairs,  diverging 
from  the  midrib  at  angles  of  70®  to  80®  and 
curving  regularly  upward,  camptodrome  in  the 
marginal  r^ion.  Tertiaries  of  a  similar  char- 
acter to  those  of  the  preceding  species  but  very 
thin  and  visible  only  with  magnification. 

This  is  the  largest  of  the  three  Wilcox  species 
of  Anona.  It  is  less  robust  in  texture  and 
venation  than  either  of  the  others,  both  of 
which  it  greatly  resembles  in  general  form  and 
character  of  venation.  It  appears  to  be  the 
least  conmion  of  the  three  and  may  possibly 
represent  a  variant  of  Anona  eoligniti^  Berry 
due  to  especially  favorable  conditions  of  growth 
such  as  a  shady  humid  habitat. 

Occurrence. — Wilcox  group,  Hardys  Mills, 
Greene  Coimty,  Ark.  (collected  by  J.  C. 
Branner);  sec.  13,  T.  13  N.,  R.  12  W.,  and  H 
miles  southeast  of  Naborton,  De  Soto  Parish, 
and  Shreveport,  Caddo  Parish,  La.  (collected 
by  G.  C.  Matson  and  O.  B.  Hopkins).  La- 
grange formation  (in  beds  of  Wilcox  age), 
Puryear,  Henry  County,  Tenn.  (collected  by 
E.  W.  Berry). 

CoUectixms. — U.  S.  National  Museum. 
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preserved,  obviously  stout.  Midrib  stout  and 
prominent.  Secondaries  very  thin,  numerous, 
closely  and  regularly  spaced  at  intervals  of 
about  3  millimeters.  They  diverge  from  the 
midrib  at  wide  angles  of  about  65°  and  pursue 
a  nearly  straight  course,  curving  sUghtly  in  the 
marginal  region,  where  they  are  abruptly  camp- 
todrome.  They  become  almost  obsolete  in  the 
thick  leaf  substance  and  their  ultimate  course 
is  seen  with  difficulty.     Tertiaries  obsolete. 

This  species  is  a  splendid  Eocene  example  of 
the  type  of  Ficus  fohage  exemphfied  by  the 
existing  Ficus  elastica  Linn6.  It  differs  from 
•that  species  and  from  numerous  very  similar 
existing  forms  in  its  more  tapering  outline, 
both  distad  and  proximad.  The  modem 
forms  are  usually  oblong-elliptical.  It  has 
the  typical  texture  and  venation  of  this  type 
of  Ficus  and  is  very  distinct  from  the  rather 
numerous  Wilcox  species  as  well  as  from  any 
described  species  from  the  North  American 
Tertiary,  although  it  is  not  unhke  some  of  the 
European  Tertiary  forms. 

Occurrence. — Wilcox  group,  Hardys  Mill, 
Greene  County,  Ark. 

Collection. — U.  S.  National  Museum. 

Ficus  schimperi  Ijesquereux. 

Plate  XXXI,  figures  1-3. 

Ficus  Schimperi,    Lesquereux,  Am.  Philoa.  Soc.  Trans., 
vol.  13,  p.  417,  pi.  18,  figs.  1-3,  1869. 

Description. — Lesquereux  in  1869  gave  the 
following  description: 

F.  foliis  membranaceiH,  ovato  lanceolatis,  acuminatis, 
basi  rotundatis  vel  subtruncatis,  integris,  undulatis,  tri 
Bubquinque  nervlis,  insequalibus;  nervls  secundariis 
camptodromis,  nervulis  dlstantibus,  continuis. 

This  species  occurs  in  abundance  in  the  clay 
ironstone  at  Hurleys,  from  which  it  was  col- 
lected  by  Hilgard  and  described  by  Ijesquereux 
in  1869,  and  many  of  the  specimens,  including 
the  originals  of  Lesquereux^s  figures  1  and  2, 
are  still  in  the  Hilgard  collection.  The  species 
is  not  abundant  at  other  locaUties  in  the  Wilcox 
group.  It  may  be  more  fully  described  as  fol- 
lows: Leaves  of  variable  size,  broadly  ovate- 
acuminate  in  general  outUno  with  a  broadly 
rounded,  somewhat  truncated  base  and  a  usu- 
ally narrowed  acuminate  tip.  Length  ranges 
from  5  to  13  centimeters,  averaging  about  9  or 
10  centimeters.  Maximum  width,  in  the  basal 
half  of  the  leaf,  ranges  from  2.2  to  6  centime- 


ters, averaging  about  5  centimeters.  Margins 
entire,  generally  gently  undulate.  Leaf  sub- 
stance apparently  very  thin  but  of  considerable 
consistency.  Petiole  absent  in  all  the  specimens. 
Midrib  stout,  curved.  Secondaries  stout,  four 
to  six,  subopposite  to  alternate  pairs;  they 
branch  from  the  midrib  at  angles  that  average 
about  45°  and  curve  upward,  coming  to  be 
approximately  parallel  with  the  margins,  camp- 
todrome.  The  lower  pair  are  usually  oppo- 
site and  in  some  specimens  suggest  lateral 
primaries,  although  the  species  is  distinctly 
pinnately  veined  throughout.  There  is  con- 
siderable variation  in  their  spacing  as  shown 
in  the  specimens  figured.  Tertiaries  thin, 
percurrent  within  the  secondary  system  and 
forming  arches  in  the  marginal  region. 

In  some  respects  the  present  species  suggests 
Ficus  monodon  (Lesquereux)  Berry,  which  has 
larger,  relatively  broader,  and  thicker  leaves, 
with  more  numerous  and  divergent  seconda- 
ries. It  may  be  compared  with  a  great  variety 
of  fossil  and  recent  species.  Among  the  recent 
species  I  might  mention  Ficus  popvliformis,  F. 
ferrugineaj  and  F.  venosa. 

It  seems  probable  that  the  two  broken 
specimens  described  by  Lesquereux  as  CeUis 
breHfolia  *  are  referable  to  Ficus  schimperi,  but 
as  they  were  so  very  incomplete  and  have  since 
been  lost  they  are  not  recognized  in  the  present 
report.  Ficu^  schimperi  is  present  in  the 
Raton  formation  of  the  southern  Rocky  Moun- 
tain province,  a  formation  slightly  older  than 
the  Wilcox. 

A  similar  homotaxial  form  is  described  by 
Watdet '  from  the  Ypresian  of  the  Paris  Basin 
as  Ficus  cuspidata  (not  related  to  the  recent 
species  of  this  name). 

Occurrence. — ^Ackerman  formation.  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss.,  very  common  (collected  by 
E.  W.  Hilgard,  E.  N.  Lowe,  and  E.  W.  Berry). 
Wilcox  group,  Old  Port  Caddo  Landing,  Little 
Cypress  Bayou,  Harrison  County,  Tex.,  com- 
mon (collected  by  T.  W.  Vaughan);  and 
Coushatta,  Red  River  Parish,  La.  (ccJlected  by 
E.  W.  Berry).  Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn., 
rare  (coDected  by  E.  W.  Berry),  and  Baughs 

1  Lesquereux,  Leo,  Am.  Philos.  Soc.  Trans.,  vol.  13,  p.  416,  pi.  20,  figs. 
4,  5,  1869.  This  specific  name  is  preoccupied,  having  been  used  by^ 
Miquel  (or  an  existing  species  o(  tropical  America. 

s  Watelet,  A.,  Descriptions  des  plantes fossiles  du  bassin  de  Paris,  p. 
166,  pi.  44,  fig.  3, 1866. 
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Bridge,  Wolf  River  near  La  Grange,  Fayette 
County,  Tenn.  (collected  by  L.  C.  Johnson). 
Collections. — U.  S.  National  Museum. 

Ficus  MYRTiFOLius  Berry,  n.  sp. 

Plate  XXX,  figures  1-3. 

Picas multinervis  Heer.   Leequereux,  U.  S.  Nat.  Mus.  Proc. , 
vol.  11,  p.  11,  pi.  4,  figs.  2,  3,  1888. 
Loughridge,  Report  on  the  geological  and  economic 
features  of  the  Jackson's  purchase  region,  p.  198, 1888. 

Description. — Leaves  narrowly  elongate-lan- 
ceolate, slightly  inequilateral  in  outline,  taper- 
ing upward  to  an  acuminate  tip,  and  broadly 
pointed  proximad.  Length  ranges  from  10  to 
18  centimeters,  the  acuminate  tips  usually 
broken  off  before  fossilization.  Maximum 
width,  in  the  middle  or  basal  portion  of  the 
leaf,  1.7  to  3.5  centimeters.  Margins  entire, 
irregularly  imdulate.  Texture  subcoriaceous. 
Petiole  very  stout,  straight  or  curved,  tumid 
proximad,  about  1  centimeter  or  slightly  more 
in  length.  Midrib  stout,  straight  or  curved, 
prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  numerous,  thin,  diverging  from  the 
midrib  at  wide  angles,  many  of  them  fully  90®, 
at  intervals  of  2  or  3  millimeters,  generally  a 
little  under  2  millimeters,  pursuing  a  nearly 
straight  course,  their  tips  joined  by  a  slightly 
arched  marginal  vein,  parallel  with  and  about 
1  millimeter  distant  from  the  margin. 

This  is  a  well-marked  species  of  a  narrowly 
lanceolate  and  in  some  specimens  slightly  fal- 
cate Ficus,  readily  distinguishable  from  the 
other  rather  numerous  Wilcox  species  of  Ficus. 
It  resembles  in  a  general  way  certain  fossil  and 
existing  species  in  the  families  ApocynacesB  and 
Myrtaceae  but  can  be  readily  matched  with  the 
leaves  of  several  existLog  species  of  Ficus. 
Among  previously  described  American  fossil 
species  it  is  most  Uke  ApocynophyUum  scudderi 
described  by  Lesquereux  *  from  shales  supposed 
to  belong  to  the  Green  River  formation  of 
Wyoming.  Specimens  collected  by  Lough- 
ridge at  Boaz,  Ky.,  were  identified  by  Les- 
quereux with  the  European  Miocene  species 
Ficus  mvUinervis  Heer,'  to  which  they  show 
considerable  similarity.  The  American  species 
is,  however,  a  much  more  elongated  leaf. 

Occurrence. — Holly  Springs  sand,  Holly 
Springs  and  Early  Grove,  Marshall  County, 

1  Lesquereux,  Leo,  The  Cretaceous  and  Tertiary  floras,  p.  1?2,  pi. 45a, 
figs.  1-5, 1883. 

>  Heer,  Oswald,  Flora  tertiarla  Helvetia,  vol.  2,  p.  03,  pi.  81,  fi{!:s.  G-IO; 
pi.  82,  fig.  1, 1856. 


Miss,  (collected  by  E.  W.  Berry).  Lagrange 
formation  (in  beds  of  Wilcox  age),  Wickliffe, 
Baflard  County,  Ky.  (collected  by  L.  C.  Glenn), 
and  at  Boaz,  Graves  County,  Ky.  (collected  by 
R.  H.  Loughridge). 

Collections. — U.  S.  National  Museum. 

Ficus  pseudolmediafolia  Berry,  n.  sp. 

Plate  XXVII,  figure  2. 

Description. — Leaves  small,  lanceolate  in 
outhne,  base  pointed,  slightly  decurrent,  and 
apex  acuminate.  One  largo  specimen  has  the 
tip  narrowly  rounded.  Length  ranges  from  9 
to  10.5  centimeters.  Maximum  width,  in 
middle  part  of  the  leaf,  ranges  from  2  to  3 
centimeters.  Margins  entire.  Texture  coria- 
ceous. Petiole  short.  Midrib  stout,  prominent 
on  the  lower  surface  of  the  leaf.  Secondaries 
slender,  immersed  in  the  leaf  substance,  10  to 
12  pairs,  rather  remote  and  irregularly  spaced, 
diverging  from  the  midrib  at  wide  angles, 
straight  at  first,  curving  upward  abruptly  in 
the  marginal  region  to  form  flat  camptodrome 
arches.  Tertiaries  mostly  obsolete  except  for 
laterals  parallel  with  and  between  most  of  the 
adjacent  secondaries. 

This  lanceolate  Ficus  appears  to  be  distinct 
from  previously  described  fossil  species.  It 
resembles  a  number  of  recent  species  as  well  as 
the  leaves  of  the  genus  Pseudolmedia  Tr6cul,  a 
genus  that  comprises  about  five  species  living 
in  the  West  Indies,  Central  America,  and 
tropical  South  America.  It  is  very  close  to  a 
form  described  by  Knowltonfrom  the  Raton 
formation  of  the  southern  Rocky  Mountain 
province  as  Lauras  ratonensis.  A  very  similar 
form,  Ficvs  laqueata,  has  been  described  by 
Engelhardt'  from  the  Tertiary  of  Colombia. 

Occurrence. — Wiloox  group,  Bolivar  Creek, 
3i  miles  north  of  Harrisburg,  Poinsett  County, 
Ark.  (collected  by  L.  W.  Stephenson).  La- 
grange formation  (in  beds  of  Wilcox  age), 
Puryear,  Henry  County,  Tenn.  (collected  by 
E.  W.  Berry). 

Collections. — U.  S.  National  Museum. 

Ficus  puryearensis  Berry,  n.  sp. 

Plates  XXVII,  figures  4  and  5,  XXVIII,  figure  5,  and 

XXX,  figures  4  and  5. 

Description. — Leaves  of  medium  size,  smooth 
and   coriaceous,   oblong-lanceolate  in  outline. 

'  Engelhardt,  Hermann,  Senckenbergische   naturf.    Qesell.    Abh., 
vol.  19,  p.  26,  pi.  3,  fig.  22,  1895. 
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Apex  shortly  pointed.  Base  broadly  rounded, 
slightly  cordate  or  very  broadly  pointed. 
Length  ranges  from  9  to  11  centimeters.  Max- 
imum width  ranges  from  3.3  to  5  centimeters 
at  or  somewhat  below  the  middle.  There  is 
considerable  variation  in  the  appearance  of 
these  leaves,  well  illustrated  in  the  specimens 
figured.  The  widest  leaf  has  full,  regularly 
curved  margins  and  is  shortly  and  broadly 
pointed  distad  and  still  more  broadly  pointed 
proximad.  From  this  extreme  the  leaves  vary 
toward  forms  that  have  a  rounded,  almost 
truncate  base  and  a  somewhat  extended  tip. 
The  extreme  form  as  regards  the  extended  tip 
has  a  slightly  cordate  base,  with  full  and 
rounded  lower  lateral  margins,  nearly  straight 
sides,  and  an  elongated  narrowed  tip.  Petiole 
short  and  stout.  Midrib  stout,  prominent  on 
the  lower  surface  of  the  leaf.  Secondaries 
relatively  thin,  10  to  12  subopposite  to  alternate 
pairs,  remote  and  somewhat  irregularly  spaced, 
diverging  from  the  midrib  at  wide  angles, 
nearly  90°,  nearly  straight  until  they  reach  the 
mai^inal  region,  where  they  turn  abruptly 
upward  and  form  a  wide  arch  to  the  secondary 
next  above.  Tertiaries  mostly  obsolete.  Mar- 
gins entire. 

This  well-marked  species  is  distinct  from  pre- 
viously described  forms.  It  appears  to  have 
been  not  uncommon  in  the  upper  part  of  the 
embayment  area  in  Wilcox  time  and  suggests 
by  its  outline  the  leaves  of  Cordia.  The  vena- 
tion, however,  is  typically  that  of  a  Ficus.  A 
number  of  existing  species  resemble  this  fossil 
form,  as,  for  example,  Ficus  ferruginea  and 
Ficus  angustifolia.  It  is  represented  in  the 
lower  Claiborne  by  a  closely  alUed  species, 
Ficus  unionensis  Berry. 

Occurrence, — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry) .  Ackerman  formation. 
Hurleys,  Benton  Coimty,  Miss,  (collected  by 
E.  N.  Lowe  and  E.  W.  Berry).  Lagrange 
formation  (in  beds  of  Wilcox  age),  Puryear, 
Henry  County,  Tenn.  (collected  by  E.  W. 
Berry) . 

Collections. — U.  S.  National  Museum. 

Ficus  puryeakensis  elonoata  Berry,  n.  var. 

Plate  XXVIII,  figure  4. 

Description . — Leaf  oblong-lanceolate,  with 
acuminate    tip    and    narrowly   cuneate    base. 


Length  generally  about  12  centimeters,  ranging 
to  15  centimeters.  Maximum  width,  in  middle 
part  of  the  leaf,  generally  about  3.5  centimeters 
or  slightly  less,  ranging  to  5.65  centimeters. 
Margins  entire.  Texture  subcoriaceous.  Petiole 
short  and  very  stout,  about  7.5  centimeters 
in  length.  Midrib  stout,  curved,  prominent 
on  the  lower  surface  of  the  leaf.  Secondaries 
thin,  diverging  from  the  midrib  at  wide  angles, 
camptodrome  to  a  considerable  distance  from 
the  margins. 

Ficus  puryearensis  is  a  variable  type,  grading 
from  elliptical  to  elongate  outlines.  Ficus 
puryearensis  ehngata  differs  from  Ficu^  pur- 
yearensis in  its  narrower,  more  elongate  outline 
and  in  the  narrowly  cuneate  or  only  slightly 
rounded  instead  of  the  conspicuously  rounded 
base.     Venation  very  close  to  the  type. 

In  the  maximum-sized  forms  of  this  variety 
the  leaves  are  very  coarse  and  both  the  midrib 
and  the  secondaries  are  extremely  stout. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry) . 

Collection. — U.  S.  National  Museum. 

Ficus  sp. 

Plate  XXIV,  figure  I. 

Description. — Leaves  of  large  size  and  ample 
width,  either  entire  or  more  or  less  trilobate. 
Length  at  least  20  centimeters.  Maximum 
width  about  the  same  as  the  length.  Margin 
not  preserved.  Leaf  substance  subcoriaceous. 
Venation  open,  not  stout,  tripalmate  from  a 
point  at  or  near  the  base.  Lateral  primaries 
the  same  caliber  as  the  midrib.  Secondaries 
subopposite  and  subparallel.  Tertiaries  num- 
erous, regular,  subparallel,  percurrent.  Areo- 
lation  open,  largely  quadrangular. 

This  large-leafed  species  is  represented  by 
fragments,  the  largest  of  which  has  been 
figured.  Though  it  appears  to  represent  a  new 
species  it  is  too  incomplete  for  specific  char- 
acterization. It  resembles  a  number  of  exist- 
ing and  fossil  large-leafed  species  of  the  genus 
Ficus,  but  it  is  not  certainly  a  Ficus  although  it 
is  clearly  a  member  of  the  family  Moracese.  It 
also  suggests  the  allied  genus  Cecropia  Linn^, 
which  comprises  from  30  to  40  existing  species 
in  tropical  America,  ranging  from  Mexico  to 
Brazil.  Ettingshausen  referred  a  fossil  form 
from  the  Aquitanian  of  Bohemia  to  this  genus, 
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describing  it  as  Cecropia  Jieerii,^  which,  in  so 
far  as  comparisons  are  possible,  is  very  dose  to 
the  form  under  discussion.  Another  species 
has  been  described  by  this  author  from  the 
same  horizon,  and  he  also  records  ^  a  species  of 
Cecropia  from  the  lower  Eocene  (Ypresian)  of 
Alum  Bay,  England,  which  unfortunately  was 
never  described  or  figured. 

The  present  form  appears  to  be  represented 
by  similar  fragmentary  material  in  the  Mid- 
way (?)  formation  of  Earle,  Tex. 

Occurrence.  —  Holly  Springs  sand,  Holly 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection, — U.  S.  National  Museum. 

Order  PBOTEALES. 

Family  PBOTEACE& 

Genus  PALiGODENDRON  Saporta. 

Pal^odendron  americanum  Berry,  n.  sp. 

Plate  XXXVIII,  figure  1. 

Description, — Leaves  oblanceolate  in  outline, 
apex  obtusely  pointed,  and  base  narrowed  and 
decurrent.  Texture  very  thick  and  coriaceous. 
Length  about  7  centimeters.  Maximum  width, 
in  the  middle  part  of  the  leaf,  about  1.5  centi- 
meters. Margins  entire.  Petiole  not  present 
as  a  distinct  unit  below  the  narrowly  decurrent 
basal  margins  of  the  lamina.  Midrib  wide 
and  channeled,  curved.  Secondaries  thin,  im- 
mersed in  the  thick  leaf  substance;  about  10 
irregularly  spaced  pairs,  diverging  from  the  mid- 
rib at  wide  angles,  60°  to  80°,  curving  slightly 
outward  and  then  upward,  relatively  straight 
to  the  vicinity  of  the  margins,  where  they  curve 
upward  to  form  a  flat  arch,  approximately 
parallel  with  the  margins,  joining  the  adjacent 
superior  secondary.     Tertiaries  obsolete. 

This  species  has  a  very  distinct  individuality 
and  closely  resembles  the  supposed  proteaceous 
leaves  described  by  Saporta  from  the  Tertiary 
of  southeastern  France.  It  is  especially  like 
PaUeodendron  gypsophilum  Saporta*  of  the 
Sannoisian  of  Aix,  which  that  author  compares 
with  the  living  Protea  caulescens  and  with  the 
fossil  Conospermum  mucrophyUum  of  Ettings- 
hausen.  Saporta*  subsequently  redescribed 
this  species  as  Quercus  palseopheUoSj  a  disposi- 

lEttingshanseD,  C.  von,  Die  (ossile  Flora  des  Terti&r-Beckens  von 
BUin,  pt.  1,  p.  82,  pi.  27;  pi.  28,  fig.  7, 1866. 

sEttingshausen,  C.  von,  Roy.  Soc.  London  Proc.,  vol.  30,  p.  232, 1880. 

'Saporta,  O.  de,  ^tades  sur  la  v^^tation  du  sud-est  do  la  France  k 
r^poque  tertiaire,  vol.  1,  p.  97,  pi.  8,  fig.  1, 1863. 

4  Idem,  vol.  3,  pt.  2,  p.  36,  pi.  6,  figs.  9-12, 1867. 


tion  in  which  I  can  not  at  all  concur.  It  is 
unlike  any  of  the  other  members  of  the  Wilcox 
flora,  and  though  it  may  possibly  represent  a 
type  still  hving  in  the  American  Tropics  I  have 
failed  to  discover  such  a  one  and  have  felt  con- 
strained to  refer  it  to  Saporta's  genus,  with 
which  it  is  so  closely  allied. 

Occurrence. — Holly  Springs  sand,  ravine  at 
Oxford,  Lafayette  County,  Miss,  (collected  by 
E.  W.  Berry).  Wilcox  group,  Bohvar  Creek, 
3i  miles  north  of  Harrisburg,  Poinsett  County, 
Ark.  (collected  by  L.  W.  Stephenson). 

Collections. — U.  S.  National  Museum. 

Genns  PROTEOIDES  Heer. 

Proteoides  wilcoxensis  Berry,  n.  sp. 

Plate  XXXV,  figures  4-6. 

Description. — Leaves  of  different  sizes,  lance- 
olate and  commonly  falcate  in  general  outUne, 
tapering  abruptly  from  about  the  middle  to  the 
narrowly  acuminate  tip  and  to  the  equally 
narrowly  pointed  decurrent  base.  Length 
ranges  from  6.5  to  11  centimeters.  Maximum 
width,  about  halfway  between  the  apex  and  the 
base,  ranges  from  1.2  to  3  centimeters.  Mar- 
gins entire,  full  and  in  some  specimens  undulate 
and  unsymmetric.  Texture  coriaceous,  the 
substance  of  the  leaf  commonly  preserved. 
Petiole  short  and  very  stout,  winged  by  de- 
current  lamina  of  leaf  almost  or  entirely  to  the 
thickened  base.  Midrib  very  stout,  especially 
proximad,  generally  curved,  rather  prominent 
on  the  lower  and  channeled  on  the  upper  sur- 
face of  the  leaf.  Secondaries  numerous,  thin, 
diverging  from  the  midrib  at  a  wide  angle, 
camptodrome,  as  a  rule  almost  obsolete  by  im- 
mersion in  the  substance  of  the  leaf. 

This  species  is  common  at  both  the  Grenada 
and  the  Puryear  localities,  where  it  occurs  m  all 
sizes.  Its  affinities  appear  to  be  with  the  Pro- 
teacese,  and  it  is  similar  to  and  probably  filiated 
with  some  of  the  Upper  Cretaceous  species  of 
Proteoides  described  from  southeastern  North 
America.  Its  generic  relationships  among  the 
recent  Proteacese  is  not  determinable  with  cer- 
tainty and  it  is  therefore  referred  to  the  form 
genus  Proteoides.  Ettingshausen  *  records  a 
species  based  on  a  fruit  from  the  Ypresian  of 
the  Isle  of  Sheppey,  and  the  leaves  of  another 
species  from  this  same  horizon  at  Alum  Bay, 
England.* 

ft  Ettingshausen,  C.  von,  Roy.  Soc.  London  Proc.,  vol.  20,  p.  394, 187D. 
•  Idem,  vol.  30,  p.  233, 1880. 
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The  geologic  history  of  Prunus  is  as  yet  but 
little  understood.  About  70  fossil  species 
have  been  described  and  most  of  these  are 
based  on  leaf  remains;  although  the  stones  are 
common  in  the  German  and  other  lignitic  de- 
posits. Upper  Cretaceous  forms  are  known 
from  the  Raritan  and  Dakota  formations  in 
this  cotmtry  and  from  the  Emscherian  of  Silesia, 
and  the  Eocene  records  include  Alaska  and 
Greenland.  In  later  Tertiary  time  Prunus 
grew  on  all  the  great  land  masses  of  the  North- 
em  Hemisphere  and  during  Miocene  time  its 
range  apparently  was  somewhat  greater  than 
its  present  range.  For  example  the  stones  of  9 
species  are  found  in  the  PUocene  deposits  of 
Holland,*  representing  1  European,  2  oriental, 
and  2  entirely  extinct  species. 

Among  previously  described  fossil  forms 
Prunus  nabortensis  seems  most  similar  to 
Prunus  deperdita  Heer,  so  elaborately  described 
by  Laurent  *  in  his  recent  work  on  the  flora  of 
the  Sannoisian  of  Menat  in  the  Auvergne. 

Occurrences. — ^About  3  J  miles  southeast  of 
Naborton  (NW.  i  NE.  J  sec.  19,  T.  12  N.,  R.  11 
W.),  De  Soto  Parish,  La.  (collected  by  G.  C. 
Matson). 

Collection. — ^U.  S.  National  Museum. 

Family  MOCOSACEA. 
Section  PHYLLODINEiE. 
Genns  ACACIA  Willdenow. 
Acacia  wh^coxensis  Berry,  n.  sp. 

Plate  LV,  figures  1  and  2. 

Description. — Phyllodc  oblanccolate  in  gen- 
eral outline,  the  apex  broadly  rounded,  mucro- 
nate  pointed,  and  the  base  gradually  narrowed 
and  pointed.  Length  about  5  centimeters. 
Maximum  width,  in  apical  region,  about  9.5 
millimeters.  Margins  entire.  Texture  thin 
and  somewhat  membranaceous  or  scarious. 
Petiole  short  and  stout,  1  to  2  millimeters  in 
length.  Venation  consists  of  a  single  fairly 
stout  mid  vein  and  a  very  fine  lateral  system, 
scarcely  visible  without  magnification,  com- 
posed of  long  and  narrow  polygonal  meshes, 
the  long  axis  parallel  with  the  lateral  margins. 

This  species  is  based  on  the  single  specimen 
figured  on  Plate  LV,  which  in  its  size,  outline, 

1  Reid,  Clement  and  £.  M.,  The  Pliocene  floras  of  the  Dutch-Prussian 
border,  pp.  101-103,  pi.  9,  flgs.  21-36,  1915. 

>  Laurent,  Louis,  Mus.  hist.  nat.  Marseille  Annates,  Gdologie,  vol.  14, 
pp.  152-160,  pi.  13,  flgs.  9,  10,  pi.  14,  figs.  1-1,  6-10, 1912. 


apex,  and  venation  is  closely  comparable  with 
the  phyllodes  of  numerous  existing  species  of 
Acacia.  The  genus  Acacia  comprises  about 
450  tropical  and  subtropical  species  in  the 
existing  flora  and  these  are  largely  confined  to 
Africa  and  AustraUa.  The  section  Phyllodineae, 
with  which  Acacia  wUcoxensis  shows  the  closest 
similarity,  includes  about  280  existing  species 
confined  to  Australia  and  Oceanica.  Among 
these  are  numerous  fonns  suggestive  of  the 
present  species,  as,  for  example,  Acacia  ohlu- 
nata  Cavanilles,  which  is  somewhat  smaller, 
and  Acacia  pycnantha  Bentham,  which  is 
somewhat  larger  than  the  fossil.  Many  other 
similar  existing  species  might  be  enumerated  if 
it  were  worth  while.  Fossil  species  with  the 
fohage  reduced  to  phyllodes  are  not  common. 
Ettingshausen  has  described  four  such  species. 
Acacia  coriacea^^  A.  mimosoides  *  A.  proser- 
pinXf^  and  A.  dianXj^  from  the  lower  Oligocene 
(Sannoisian)  of  Haering  in  the  Tyrol.  The 
last  of  these,  though  somewhat  smaller,  is 
otherwise  very  similar  to  Acacia  wilcoxensis. 

Occurrence. — Holly  Springs  sand,  ravine  at 
Oxford,  Lafayette  County,  Miss,  (collected  by 
E.W.  Berry). 

Collection. — U.  S.  National  Museum. 

Genus  INGA  Willdenow. 

Inoa  mississippiensis  Berry,  n.  sp. 

Plate  XLV,  figure  1. 

Prunus  caroliniana.    Lesquereux   (not  Michaux),    Am. 

Jour.  Sci.,  2d  ser.,  vol.  27,  p.  363,  1859. 
Lesquereux,  in  Safford,  J.  M.,  Geology  of  Tennessee, 

p.  427,  pi.  K,  fig.  6,  1869. 
Loughridge,  Report  on  the  geological  and  economic 

features  of  the  Jackson's  purchase  region,  p.  1%, 

fig.  6,  1888. 

Description. — Leaflets  ovate-lanceolate  in  outr 
line.  Apex  narrowed  and  prolonged  into 
an  acuminate  point.  Base  markedly  inequi- 
lateral; outer  side  full  and  rounded;  inner  side 
nearly  straight  and  ascending,  forming  an 
angle  of  45°  or  less  with  the  midrib.  Length 
about  5.5  to  6  centimeters.  Maximum  width 
about  1.75  centimeters.  Margins  entire, 
straight  and  approximately  parallel  in  the 
median  region  of  the  leaflet,  narrowing  rather 
suddenly    distad.     Petiolule    very   short    and 

*  Ettingshausen,  C.  von,  Die  terti&re  Flora  von  HAring  in  Tirol,  p.  93» 
pi.  29,  flg.  47:  pi.  30,  flgs.  51,  52, 1853. 

*  Idem,  p.  93,  pi.  30,  flgs.  CO,  61. 
f>  Idem,  p.  94,  pi.  30,  flgs.  53,  54. 
^Idem,  p.  94,  pi.  30,  figs.  58, 59. 
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stout,  only  about  1  millimeter  in  length. 
Midrib  slender  but  well  marked,  curved. 
Secondaries  thin  but  well  marked,  about  five 
alternate  pairs.  The  lower  pairs  diverge  from 
the  midrib  at  acute  angles,  ascending  in  long, 
somewhat  irregular  curves,  camptodrome;  the 
upper  pairs  diverge  at  a  wide  angle  and  are 
nearly  straight  in  their  course  to  the  point 
where  they  turn  upward  to  form  camptodrome 
arches.  Tertiary  venation  fine  but  distinctly 
marked,  as  shown  in  the  specimen  figured. 

This  well-marked  species  is  clearly  imlike 
previously  described  forms  but  not  unUke 
several  existing  American  species  of  Inga. 
Among  fossil  forms  the  only  one  that  ap- 
proaches it  closely  is  an  undescribed  species 
from  the  Claiborne  group  of  Arkansas,  which 
has  the  same  general  form  but  is  slightly  larger 
and  has  a  stouter  venation,  immersed  tertiaries, 
and  a  more  coriaceous  texture.  It  seems  to  be 
genetically  related  to  this  Wilcox  spccias. 

The  fossil  species  of  Inga  are  few.  Iiiga 
cretacea  Lesquereux  of  the  Upper  Cretaceous 
is  abundant  in  the  clays  of  the  Tuscaloosa 
formation  of  northwestern  Alabama  and  is 
somewhat  suggestive  of  the  present  species 
but  is  larger,  more  regularly  lanceolate,  and 
carries  more  mmierous  secondaries.  Engel- 
hardt  ^  has  described  a  small-leafed  species, 
Iriga  ochseniusijtTOia  the  Tertiary  of  Bolivia. 

The  existing  species  of  Inga  number  more 
than  150.  They  are  confined  to  the  Tropics 
and  subtropics  of  America  and  are  common  in 
the  West  Indies  but  fail  to  reach  the  United 
States. 

Inga  mississippiensis  is  very  close  to  the  small 
leaf  from  Carbon,  Wyo.,  figured  by  Lesquereux* 
as  a  form  of  Ins  Ficus  oilanceolcUa,  a  reference 
that  will  be  questioned  by  most  students. 

A  specimen  of  Inga  mississippiensis  was 
collected  by  Safford  at  Somerville,  Term., 
many  years  ago  and  was  identified  by  Lesque- 
reux as  a  leaf  of  the  hving  Prunus  caroliniana 
Michaux.  It  does  not  at  all  resemble  that 
species  and  the  determination  was  largely 
influenced  by  the  idea  that  the  deposits  were 
very  recent  and  probably  Pliocene. 

Occurrence, — Holly  Springs  sand,  Early 
Grove,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry),     Lagrange  formation  (in  beds 


1  Engelhardt,  Hermann,  Natarwiss.   Gesell.  Isis  in  Dresden  Abh., 
1894,  p.  11,  pi.  1,  fif;s.  39, 40. 
«  Lesquereux,  Leo,  The  Tertiary  flora,  pi.  28,  flg.  0  (not  figs.  10-12),  1878. 


of  Wilcox  age),  Somerville,  Fayette  Coimty, 
Tenn.  (collected  by  J.  M.  Safford). 
Collections, — U.  S.  National  Museum. 

Inga  puryeakensis  Berry,  n.  sp. 

Plate  LI,  figure  12. 

Description. — Leaflets  oblong-lanceolate,  in- 
equilateral and  slightly  falcate  in  outline, 
abruptly  narrowed  to  the  inequilateral  blimtly 
pointed  apex  and  to  the  inequilateral  cimeate 
base.  Length  about  6.5  centimeters.  Maxi- 
mum width,  at  or  below  the  middle,  about  2.2 
centimeters.  Margins  entire,  slightly  imdu- 
late,  the  outer  longer,  fuller,  and  more  curved 
than  the  inner.  Texture  subcoriaceous.  Peti- 
olule  wanting.  Midrib  stout,  somewhat  curved, 
especially  distad,  prominent  on  the  lower 
siu^ace  of  the  leaflet.  Secondaries  relatively 
stout  and  prominent,  five  or  six  irregularly 
spaced  and  generally  remote,  opposite  to 
alternate  pairs;  they  diverge  from  the  midrib 
at  different  angles,  which  are  acute  in  the 
lower  part  of  the  leaflet  but  more  open  toward 
its  tip.  The  lower  secondaries  are  slightly 
curved,  elongated,  ascending  subparallel  with 
the  lower  lateral  margins  and  eventually 
camptodi'ome.  Their  angles  of  divergence 
range  from  30°  to  50°.  The  upper  two  or 
three  secondaries  diverge  at  angles  of  about 
60°  and  describe  short,  even,  camptodrome 
curves.  Tertiaries  thin,  relatively  straight, 
percurrent  at  nearly  right  angles  to  the  midrib. 

Although  several  species  of  Inga  are  known 
from  the  Wilcox  group,  they  are  chiefly  repre- 
sented by  a  few  leaflets,  which  are  generally 
detached.  The  present  species  is  most  like 
In^a  mississippiensis  Berry  but  is  larger  and 
coarser  and  has  a  more  prominent  venation 
and  fewer  secondaries,  the  apex  is  much  more 
abruptly  pointed,  and  the  basal  lamina  is  fuller 
on  the  inner  instead  of  on  the  outer  side  of  the 
midrib.  It  is  very  much  larger,  less  coria- 
ceous, less  inequilateral,  and  more  oblong  in 
form  than  Inga  wicJcliffensis  Berry,  which  also 
has  more  nmnerous,  much  thinner,  and  much 
less  ascending  secondaries.  It  is  much  smaller 
and  less  inequilateral  than  Inga  laurinafolia 
Berry  and  has  less  numerous  and  much  more 
ascending  secondaries,  which  are  also  more 
prominent.  It  is  much  like  several  existing 
species  of  Inga  of  the  American  Tropics. 

Inga  puryearensis  closely  resembles  and  is 
possibly  ancestral  to  Inga  arJcansensis  Berry  of 
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the  upper  Claiborne  of  Arkansas,  which  is  rel- 
atively longer,  has  a  more  gradually  narrowed 
and  more  pointed  tip  and  more  numerous  thin- 
ner secondaries. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
'Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

CdUectUm. — ^U.  S,  National  Museum. 

Inga  laubinafolia  Berry,  n.  sp. 

Plat©  XL VIII,  figure  8. 

Description. — ^Leaflets  opposite,  large,  mark- 
edly inequilateral  in  outline,  ovate  in  form. 
Length  about  9  centimeters.  Maximum  width, 
at  or  below  the  middle,  about  2.75  ceutimeters. 
Ai>ex  blimtly  pointed.  Base  acute,  very  in- 
equilateral. No  distinct  petiolule  developed 
but  upper  margin  of  midrib  naked  for  a  dis- 
tance cf  about  1  centimeter.  Margins  entire, 
slightly  irregular.  Leaf  substance  thick  and 
texture  coriaceous.  Midrib  stout,  consider- 
ably curved,  prominent.  Secondaries  thin, 
about  ten  opposite  to  alternate  pairs,  diverging 
from  the  midrib  at  angles  of  about  60°,  curving 
slightly  outward  and  then  upward,  campto- 
drome  in  the  mai^al  region.  Tertiaries  thm, 
mostly  immersed  and  obsolete. 

This  species  is  much  larger  than  the  other 
Wilcox  species  of  Inga  and  is  perfectly  distinct 
from  them.  It  has  a  very  characteristic  out- 
line. At  the  apex  the  inner  lamina  is  fuller 
and  wider  than  the  outer;  halfway  to  the  base 
the  two  margins  are  about  equidistant  from 
the  midrib;  from  this  point  the  inner  (upper) 
margin  curves  gradually  inward,  becoming  de- 
current  and  terminating  on  the  upper  side  of 
the  midrib  at  an  acuminate  angle  about  a  cen- 
timeter above  the  base.  The  outer  (lower) 
margin  continues  full  and  rounded,  curving 
broadly  inward  and  then  acutely  decurrent, 
its  maximum  distance  from  the  midrib  measur- 
ing 1.7  centimeters,  whereas  the  maximum 
width  of  the  inner  lamina  is  1.2  centimeters, 
and  at  the  level  where  the  outer  lamina  reaches 
1.7  centimeters  the  inner  lamina  is  only  8  miUi- 
meters  in  width. 

The  present  species  is  extremely  close  to  the 
leaves  of  the  common  West  Indian  species  Inga 
laurina  Willdenow,*  and  many  leaves  of  that 
species  which  could  be  selected  would  be  indis- 
tinguishable from  its  Eocene  representative. 

■■     >  ■ 

^  This  species  is  also  present  In  Central  America. 


In  general  the  modem  species  has  a  more  prom- 
inent venation  and  lacks  the  falcate  form  of  the 
fossU,  the  midrib  being  straight  in  spite  of  the 
inequilateral  lamina. 

Occurrence. — Wilcox  group,  one-fourth  of  a 
'mile  above  Coushatta,  Red  River  Parish,  La. 
(collected  by  G.  D.  Harris). 

Collection. — ^New  York  Botanical  Garden. 

Inga  wickliftensis  Berry,  n.  sp. 

Plate  L,  figure  8. 

Description. — ^Leaflets  opposite,  sessile,  small, 
ovate,  and  markedly  inequilateral  in  outline. 
Length  about  3.5  centimeters.  Maximum 
width,  in  the  middle  part  of  the  leaflet,  about 
1.1  centimeters.  Apex  gradually  narrowed. 
Base  acute,  very  inequilateral,  the  lamina  on 
the  distal  side  of  the  midrib  having  its  lower 
margin  recurved  and  excavated  to  such  an  ex- 
tent that  the  midrib  is  practically  naked  and 
has  only  a  slight  wing  for  a  distance  of  2  to  4 
millimeters  on  this  side;  the  lamina  on  the 
proximal  side  is  full  and  rounded,  being  widest 
at  a  point  where  the  distal  lamina  commences 
to  narrow  abruptly.  Mai^ins  entire.  Texture 
coriaceous.  Petiolule  wanting.  Midrib  very 
stout  and  prominent  to  its  extreme  tip,  slightly 
curved  toward  the  apex  of  the  leaf.  Seconda- 
ries very  thin  and  immersed  in  the  leaf  sub- 
stance; about  eight  subopposite  to  alternate 
unequally  spaced,  pairs  diverge  from  the  mid- 
rib at  wide  angles  of  65°  to  80®,  those  in  the 
distal  half  of  the  lamina  more  open  than  those 
in  the  proximal  half;  the  secondaries  pursue 
nearly  straight  courses  to  the  marginal  region, 
where  their  ends  are  joined  by  broad  flat 
arches.  Tertiaries  thin,  forming  open,  isodia- 
metric,  quadrangular  or  polygonal  meshes. 

In  the  sum  of  its  characters  this  species  is 
very  similar  to  Inga  laurinafolia  Berry,  and  it 
may  be  merely  a  variety  of  that  species.  It  is, 
however,  only  about  one-third  the  size  of  that 
species  and  is  blunter  and  more  coriaceous, 
and  the  margins  are  more  evenly  rounded. 

It  is  very  close  to  several  existing  American 
species  of  Inga.  As  far  as  may  be  judged  from 
the  rather  large  collections  of  Wilcox  plants 
that  have  been  made  it  is  not  a  common  form 
in  the  coastal  flora  of  that  time. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Wickliffe,  Ballard  County,  Ky. 
(collected  by  L.  C.  Glenn). 

Collection. — U.  S.  National  Museum. 
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Genus  PrTHECOLOBIUM  Martius. 

PiTHECOLOBiUM  EocENicuM  Beny,  n.  sp. 

Plate  XLV,  figure  2. 

Description. — Leaves  even-pinnate,  with  sev- 
eral pairs  of  opposite  leaflets,  increasing  in 
size  (Ustad.  Leaflets  asymmetric-elliptical  in 
outline,  the  apex  roimded  or  bluntly  pointed 
and  the  base  cuneate,  inequilateral^  sessile. 
Length  about  3  centimeters.  Maximum  width, 
which  is  in  the  middle  p^rt  of  the  leaflet,  about 
1 .6 centimeters.  Margins  entire.  Texture  cori- 
aceous. Petiolules  wanting,  the  leaflets  being 
seated  directly  and  obliquely  on  the  rachis. 
Midrib  stout,  somewhat  curved,  becoming  thin 
distad.  Secondaries  thin,  six  or  seven  sub- 
opposite  to  alternate  pairs,. branching  from  the 
midrib  at  angles  of  about  50°  and  pursuing 
a  rather  straight  course  to  the  marginal  region 
where  they  curve  upward  and  are  campto- 
drome.  Areolation  fine  but  distinct,  com- 
posed of  four  or  five  sided  meshes. 

This  species  is  based  on  detached  leaflets  and 
hence  the  leaf  habit  is  conjectural  and  is  drawn 
from  the  existing  species,  with  the  leaflets  of 
some  of  which  the  fossil  is  identical.  A  com- 
parison with  the  foliage  of  the  existing  rain  tree, 
Piihecolobiurn  saman  Bentham,  endemic  from 
Nicaragua  to  Brazil  and  widely  planted  as  a 
shade  tree  in  tropical  America  and  even  in  Asia, 
will  show  the  very  great  similarity  between 
the  Eocene  species  and  this  and  other  of  the 
existing  species.  I  have  figured  alongside  the 
fossil  the  leaflets  of  two  existing  species  which 
illustrate  in  a  most  striking  way  the  paral- 
lelism between  this  lower  Eocene  form  and  its 
existing  descendants.  PUJiecolohiuin  unguis- 
cati  (Llnii6)  Bentham,  shown  in  Plate  XLV, 
figure  4,  is  a  small  tree  that  forms  thickets  on 
the  Florida  Keys,  and  is  widely  distributed 
throughout  the  Antilles  to  Venezuela  and 
Colombia.  Piihecolobiurn  dvlce  Bentham, 
shown  in  Plate  XLV,  figure  5,  is  a  large  tree 
which  ranges  from  southern  Mexico  through 
Central  America  to  Colombia  and  is  natural- 
ized in  many  tropical  countries. 

The  genus  Pithecolobium  belongs  to  the 
tribe  Ingese  of  the  Mimosacese  and  is  more  or 
less  closely  related  to  the  genus  Inga  of  Will- 
denow.  More  than  100  existing  species  are 
known,  all  confined  to  the  Torrid  Zone,  where 
many  of  them  are  large  trees.  Three-fourths 
of  the  existing  forms  are  American,  and  there 
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are  more  than  a  score  in  tropical  Asia  and  a 
few  in  tropical  Australia  and  Africa.  With  the 
exception  of  Pithecolobium  teriiarum,  described 
by  Engelhardt  *  from  the  Tertiary  of  Bolivia, 
and  Pithecolobium  tenuifolium  described  by 
the  same  author  ^  from  the  Tertiary  of  Co- 
lombia, the  genus  has  not  previously  been 
recognized  in  the  fossil  state.  The  second  of 
these  species  is  very  similar  to  Pithecolobium 
eocenicum  Berry  and  is  compared  by  Engle- 
hardt'  with  the  existing  Pithecolobium  glo^ 
m^emtum  of  Colombia,  Guiana,  and  Brazil. 

This  species  resembles  somewhat  Sophora 
paheohbifolia  Berry,  a  somewhat  smaller  form 
that  has  a  narrower  apex  and  a  more  slender, 
straighter  midrib. 

Occurrence, — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Pithecolobium  oxfordensis  Berry,  n.  sp. 

Plate  XLV,  figure  3. 

Description. — Leaflets  small,  asymmetric- 
ovate  in  outline,  the  apex  narrowly  rounded 
and  the  base  inequilateral,  cuneate.  Length 
about  2.5  centimeters.  Maximum  widths 
which  is  below  the  middle,  about  1.1  centi- 
meters. Margins  entire.  Texture  coriaceous. 
Petiolules  wanting,  the  leaflets  being  sessile 
and  oblique.  Midrib  stout,  curved  below, 
straight  distad.  Secondaries  thin,  more  or 
less  immersed,  six  or  seven  subparallel  pairs, 
camptodrome. 

This  species,  which  is  based  on  detached 
leaflets,  differs  from  Pithecolobium  eocenicum 
in  its  much  more  asymmetric  form,  more 
narrowed  apex  and  base,  and  obsolete  tertiary 
system.  It  is  also  considerably  smaller.  It  is 
close  to  a  number  of  existing  species  of  Pithe- 
colobium, and  among  fossil  forms  it  may  be 
compared  with  the  lower  Oligocene  species  of 
Europe  that  are  usually  referred  to  the  genus 
Palaeolobium  of  linger,  especially  with  the 
numerous  leaflets  of  Paheolobium  haeringianum 
Unger,*  figured  from  Haering  in  the  Tyrol  by 
Ettingshausen.* 

^Engelhardt,  Hennaim,  Naturwiss.  Oesell.  Isis  In  Dresden  Abh., 
1894,  p.  12,  pi.  1,  fig.  33. 

>  Engelhardt,  Hermann,  Scnckenbergische  naturf.  Gesell.  Abh.,  vol. 
19,p.  37,  pl.3,  fig.  21,  1895. 

3  Unger,  Franz,  Die  fossile  Flora  von  Sotzka,  p.  5C,  pi.  41 ,  figs.  8-10, 1850. 

4  Ettin^hausen,  C.  von,  Die  tartl&re  Flora  von  Il&ring  in  Tirol,  p.  88, 
pi.  29,  figs.  10-17, 1856. 
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The  present  species  is  sparingly  represented 
at  the  single  locality  enumerated  below. 

Occurrence. — ^Holly  Springs  sand,  Oxford 
ravine,  Fayette  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Genus  MIMOSITES  Bowerbank. 

Apex  rounded: 

Leaflets  inequilateral  and  with  a  short  petiolule. 

Mimosites  inequUateralU. 
Apex  pointed: 

Base  about  equally  pointed,  leaflet  nearly  equilateral 

and  sessile Mimosites  lanceolatus. 

Base  rounded,  leaflet  nearly  equilateral  and  sessile. 

Mimosites  acaciafolius. 
Base  pointed,  petiolulate,  inequilateral. 

Mimosites  variabilis. 

MiMOsrTES  iNEQinLATERALis  Berry,  n.  sp. 

Plate  XLV,  figure  12. 

Description. — Leaflets  elongate-elliptical  in 
outline,  markedly  inequilateral  basally,  with  a 
short  petiolule.  Apex  broadly  rounded.  Base 
in  sQme  specimens  slightly  narrower  than  the 
apex  and  somewhat  angular.  Margins  entire. 
Texture  subcoriaceous.  Petiolule  thick,  about 
1  millimeter  in  length.  Midrib  stout  and 
straight,  prominent  on  the  lower  surface  of  the 
leaflet.  Secondaries  thin  and  mostly  obsolete, 
branching  from  the  midrib  at  a  wide  angle, 
considerably  curved  upward,  camptodrome. 

This  species  is  much  like  Mimosites  variahUis 
Berry,  especially  the  larger  leaflets  of  that 
species,  which,  however,  have  an  acute  apex 
and  base  and  a  longer  petiolule.  Mimosites 
ineguHateralis  well  deserves  its  name;  for, 
though  the  width  of  the  lamina  is  about  the 
same  on  both  sides  of  the  midrib,  the  outline 
is  markedly  different,  the  apex  and  base  being 
almost  equally  inequilateral.  It  is  similar  to 
many  existing  and  fossil  species  of  Mimosaceae. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  li  miles  west  of  Grand  Junction, 
in  Fayette  County,  Tenn.  (collected  by  E.  W. 
Berry). 

Collection. — U.  S.  National  Museum. 

MiMOSFTES  LANCEOLATtrs  Berry,  n.  sp. 

Plate  XLV,  figure  13. 

Description. — ^Leaflets  lanceolate  in  outline, 
the  apex  and  base  nearly  equally  acute,  sessile, 
nearly  equilateral.  Margins  entire.  Length 
about  2.5  centimeters.     Maximum  width  about 


7  millimeters,  about  halfway  between  the  apex 
and  the  base.  Midrib  stout,  prominent  on 
lower  surface  of  the  leaflet,  slightly  cmred. 
Secondaries  thin,  mostly  obsolete,  about  eight 
pairs,  diverging  at  an  angle  of  about  70°,  their 
tips  joined  by  arches.     Texture  subcoriaceous. 

This  characteristic  species  of  Mimosites  is 
distinguishable  from  the  other  species  of  Mimo- 
sites found  in  the  Wilcox  as  well  as  from  the 
associated  CeesalpiniacesB  by  its  strictly  lanceo- 
late, nearly  equilateral  form. 

Occurrence. — Lagrange  formation  (in  beds 
of  Wilcox  age),  li  miles  west  of  Grand  Junc- 
tion, in  Fayette  Coimty,  Tenn.  (collected  by 
E.  W.  Berry), 

Collection. — U.  S.  National  Museum. 

Mimosites  acaciafolius  Berry,  n.  sp. 

Plate  XLV,  figiu-e  14. 

Description. — ^Leaflets  of  different  sizes,  lan- 
ceolate in  outline,  nearly  equilateral  and 
s^sile,  the  apex  sharply  pointed  and  the  base 
broadly  rotmded.  Length  ranges  from  1.3  to 
2  oentimeters.  Maximum  width,  in  middle 
part  of  leaf,  ranges  from  3  to  5  millimeters. 
Texture  subcoriaceous,  but  the  finer  venation 
is  more  distinct  than  in  the  other  species  of 
Mimosites.  Margins  full  and  entire.  Midrib 
stout  and  prominent  on  the  lower  surface  of 
the  leaflets.  Secondaries  very  thin  but  dis- 
tinct, numerous,  branching  from  the  midrib 
at  angles  of  about  45°,  curving  upward  and 
merging  insensibly  in  the  similar  camptodrome 
tertiary  system. 

This  species  is  much  like  Mimosites  varia- 
bUis  Berry  in  appearance  but  may  be  dis^- 
tinguished  by  the  absence  of  a  petiolule,  by 
the  rounded  base,  and  by  the  more  equilateral 
form.  Mimosites  inequiUUeralis  Berry  differs 
in  having  a  rounded  apex,  a  short  petiolule, 
and  an  inequilateral  form.  Mimosites  lanceo- 
lotus  Berry,  though  equilateral  and  sessile,  has 
an  equally  pointed  apex  and  base. 

In  a  number  of  characters  Mimosites  a^cacia^ 
folius  resembles  small  leaflets  of  Gleditsio^ 
phyUum  eotenicum  Berry,  This  is  especially 
true  of  the  venation.  GleditsiophyUum  eoceni- 
cum  is,  however,  comparatively  more  elon- 
*  gated  and  in  general  slightly  falcate,  more 
inequilateral,  and  has  a  considerable  petiolule; 
its  smaller  leaflets,  which  approach  Mimosites 
acaciafolius  in  size,  have  an  acute  instead  of  a 
rounded  base. 
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A  detaUed  Gomparison  with  similar  existing 
and  fossil  Mimosaoeae  oan  throw  but  little 
light  on  the  ecology  of  this  fossil  form. 

Occurrence. — ^Lagiange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Comity,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Musemn. 

MiMosiTEs  VARIABILIS  Berry,  n.  sp. 

Plate  XLV,  figures  6-11. 

Description. — ^Leaflets  of  different  sizes,  elon- 
gate-elliptical or  lanoeolate  in  outline,   as  a 
rule  markedly  inequilateral,  but  this  fea^tme 
is  only   slightly   developed   in   some   nanow 
leaflets.     Length   ranges   from    6   millimeters 
to  3  oentimeters,  averaging  about  1.6  centi- 
meters.    Maximum  width  ranges  from  2   to 
7.5  millimeters,  averaging  about  5  millimeters 
in  the  middle  part  of  the  leaflet.    Margins 
entire,  more  or  less  parallel,  curving  inward  to 
form  the  generally  similarly  pointed  apex  and 
base.     In    all    the    numerous    specimens    the 
lamina  is  narrower  and  more  acute  at  both 
the  apex  and  the  base  on  one  side  and  broader 
and  more  rounded  on  the  other.    If  anything 
the  upper  part  of  the  leaflet  is  slightly  nar- 
rower than  the  lower  part.     Petioles  are  inva- 
riably present,  but  these  are  short  and  stout, 
not  over  1.5  millimeters  in  length,  rugosely 
wrinkled  and  as  a  rule  much  curved.    Midiib 
relatively  very  stout  throughout  its  length, 
rather  prominent  on  the  lower  surface  of  the 
leaflet,  straight  or  curved.    Secondary  vena- 
tion obsolete  on  both  surfaces  of  the  leaflets 
in  all  except  the  largest  specimens,  in  which 
rather  numerous  thin  secondaries  diverge  from 
the  midrib  at  angles  sUghtly  more  than  45°. 
Texture  smooth  and  very  coriaceous.    A  spec- 
imen from  Puryear  shows  a  row  of  six  closely 
placed  leaflets. 

This  species  is  chaiacteristio  and  common 
at  several  localities  and  embraces  both  the 
largest  and  the  smallest  Wilcox  leaflets  of 
Mimosites.  It  is  in  many  ways  very  similar 
to  the  other  Wilcox  species  of  Mimositos,  but 
may  be  distinguished  by  its  thicker  texture 
and  obsolete  venation.  Mimosites  inequUat^ 
eralis  Berry  has  a  conspicuously  rounded  apex 
and  generally  a  rounded  base  and  a  shorter 
petiolule.  Mimosites  spatulatus  Berry  also  has 
a  roimded  apex  and  the  leaflets  are  sessile,  and 
both  Mimosites  acaciafolius  Berry  and  Mim^o- 


sites  lanceolatus  Berry  have  sessile  leaflets,  and 
lanceolatus  is  equilateral  or  nearly  so. 

This  and  the  preceding  species  of  Mimosites 
represent  forms  mostly  identified  as  species  of 
Acacia  (as,  for  example,  in  the  paleobotanic 
work  of  Heer,  Ettingshausen,  and  other  emi- 
nent students)  which  may  be  properly  referable 
to  Acacia  or  Mimosa  or  to  other  genera  of  the 
Mimosaceas — in  other  words,  forms  which  are 
referable  to  this  family  with  great  certainty  but 
whose  exact  generic  alignment  is  more  or  less 
uncertain.  Among  these  I  might  mention 
Acacia  uninervifolia  described  by  Engelhardt  * 
from  the  Tertiary  of  Boh  via  and  compared  with 
the  phyllodes  of  the  modem  Acacia  paradoza 
DeCandolle.  The  Wilcox  species  represents 
a  leaflet  of  a  compound  leaf  and  not  a  phyllode, 
and  it  may  be  that  this  is  also  the  nature  of 
Engelhardt's  species. 

Both  Acacia  and  Mimosa  are  very  large 
genera  in  the  existing  flora.  Acacia  containing 
more  than  400  and  Mimosa  more  than  300 
species.  Acacia  is  largely  African  and  Austra- 
lian but  is  foimd  through  Oceanica,  South  and 
Central  America,  and  the  West  Indies.  Mi- 
mosa,  on  the  other  hand,  is  mostly  confined  to 
tropical  and  subtropical  America,  though  a  few 
species  live  in  Asia,  iVirica,  and  Australia. 
Since  the  Eocene  flora  of  southeastern  North 
America  is  made  up  to  such  a  large  extent  of 
ancient  types,  still  chiefly  American,  it  would 
seem  that  Mimosites  as  used  in  this  paper  indi- 
cates a  more  probable  afldnity  with  Mimosa 
than  with  Acacia. 

Mimx>sites  variabilis  may  be  compared  with 
numerous  existing  American  species  of  Mimosa. 
Among  the  described  fossil  species  it  suggests 
Mimx)sites  palseogsea  Unger,'  M.  haeringiana 
Ettingshausen,'  M.  cassiaeformis  Ettingshau- 
sen,* and  Acacia  sotzkiana  Unger.*^ 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  Count}'^  (collected  by  E.  N.  Lowe  and 
E.  W.  Berry) .  Holly  Springs  sand,  Early  Grove, 
Marshall  County,  Miss,  (collected  by  E.  W. 
Berry).  Lagrange  formation  (in  beds  of  Wil- 
cox age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry);  IJ  miles  west  of 

^Engelhardt,  nermann,  Natuntt'iss.  Gesell.  Isis  in  Dresden  Abh., 
1894,  p.  11,  pi.  1,  figs.  10, 11, 20. 

2  Ettingshausen,  C.  von,  Die  terti&re  Flora  von  Baring  in  Tirol,  p.  92, 
pl.30,  flps.21,22, 1855. 

>  Idem,  figs.  23-37. 

4  Idem,  figs.  38-50. 

*  Idem,  figs.  55, 5C. 
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Grand   Junction    in    Fayette   County,    Tenn.  leaves  are  found  as  fossils.     Cferm  wUcoxiana 

(collected  by  L.  C.  Glenn,  also  by  E.  W.  Berry) ;  is  larger  than  the  fossil  forms  with  which  it 

and  Wickliffe,  BaUard  Countj,  Ky.  (collected  may  be  compared  and  is  perfectly  distinct  from 

byE.W.  Berry).  the   previously   described   forms   from   either 

Collections, — ^U.  S.  National  Museum.  Europe  or  America.     It  is  remotely  like  Cercis 

PamUy  CfiSAl^lNlACB A  d^pmZito    described    by    Wat^let  ^    from    the 

Genus  CERCIS  Lum«.  Ypresian  of  the  Paris  Basin  (gr6s  de  BeUeu). 

^                                  ^  ^^  partial  confirmation  of  the  assumption 

Cercis  wilcoxiana  Berry,  n.  sp.  ^hat  it  was  a  form  of.  the  rich  woods  of  the 

Plate  XLIX,  figure  1.  Eocene  uplands  and  not  a  strand  or  coastal 

Description, — Leaves     almost     circular     or  form  it  is  very  rare  at  the  two  localities  in  the 

shghtly  cordate  in  outline,  about  1 1  centimeters  Wilcox  where  it  occurs,  as  if  it  had  been  brought 

in   length   by   9.5   centimeters   in   maximum  down  from  these  uplands  by  some  stream  to 

width.     Base  truncate  and  very  slightly  de-  the  area  of  sedimentation  along  the  coast. 

current  or  somewhat  cordate.     Mai^ns  entire,  Occurrence, — ^HoUy  Springs  sand,   Vaughns, 

full  and  rounded,  curving  upward  at  the  apex  near  Lamar,  Benton  County  (formerly  part  of 

to  form  a  slightly  extended  and  bluntly  pointed  Tippah   County) ,   Miss,    (collected   by  L.   C. 

tip.     Primaries,    generally    five,    diverge    at  Johnson).     Lagrange   formation    (in   beds   of 

acute  angles  from  the  thickened  top  of  the  Wilcox  age),  1  mile  south  of  Grand  Junction, 

petiole.     The  midrib  is  the  stoutest  and  the  in  Fayette  (bounty,  Tenn.  (collected  bv  E.  W. 

outer  laterals  the  thinnest.     The  laterals  curve  Berry) . 

slightly  outward  and  then  upward  in  broad  Collections,— U,  S.  National  Museum, 
sweeping  lines  and  ultimately  become  thin  and- 

are  imited  with  a  short  outward  branch.  True  ^""*                    **  ' 

secondaries,  two  or  three  camptodrome  pairs,  Ba«ed  on  legiimea,  leaflets  unknown: 

m  apical  part  of  the  leaf.    The  branches  from  l^ S:"„l^;::S';;;;;;;;c<«£:i::;,^; 

the   primaries   are  more   transverse   and  less  Based  on  leaflets  or  leaflets  and  l^umes: 

distinctly  forked  than  in  the  existing  species,  Leaflets  sessile: 

and  the  flat  camptrodome  arches  which    join  Large  with  rounded  or  emaiginate  tips, 

their  ends  in  the  marginal  region  are  more  dis-  Cassia  wilcoxiana. 

tinctly  continuations  of    the  outer  primaries  j^^^^Mnilt^^^^^^    ^'^^ 

than  they  are  in  the  existing  species.  Petidule  long  (over  5  millimetere),  leaflets  emar- 

With     these     trifling     modifications      Cercis  ginate Cassia  emarginata. 

wilcoxiana  is  almost  identical  with  the  larger  Petiolule  medium  (3  to  4  millimeters  »: 

leaves  of  the  existing  Cercis  canadensis  Linnfi  Leaflets smaH,  pointed.... Ca««a/aye«m«a. 

(PL  XLIX,  fig.  2),  which  ranges  from  Ontario  ^^^^*^  ^^"^  ^^'^^  ovate-lanceolate. 

^     T^i      •  1            1  m                  1      1  •  1    •                            «  Cassia  puruearensis. 

to  Florida  and  Texas  and  which  is  so  commonly  Petiolule  short  (less  than  3  millimeters): 

cultivated  under  the  names  of  redbud  or  Judas  Leaflets  small,  pointed,  inequilateral,  slightly 

tree.     This  tree  is  common  in  the  rich  soil  of  falcate Cassia  marshallensis. 

stream  borders  in  the  midland  zone  of  Mary-  Leaflets  medium  sized,  narrowed  to  both 

land,  but  its  requirements  are  better  satisfied  ends,  approximately  equilateral. 

o      At-          c«A   i.            1-         'A  •  Cassia  glennx. 

m  our  Southern  States,  where  it  is  a  common  Leaflets  large,  ovate Cassia  gUnni  major. 

riverside  tree,  mostly  away  from  the  coast  and  Leaflets  large,  elliptical,  approximately  equi- 

where  the  banks  are  not  too  low.  lateral Cassia  eolignitica. 

In  the  existing  flora  the  genus  consists  of  5  or  Leaflets  lanceolate  to  ovate Cassia  loxrii. 

6  species  of  the  wanner  temperate  parts  of  Cassia  tenxesseexsis  Berry,  n.  sp. 

America,  Europe,  and  Asia.     About  15  fossil 

species  have  been  described,  ranging  in  age  ^\^t^  XLIX,  figures  3  and  4. 

from  the  base  of  the  Eocene  throughout  the  Z?esmp<ion.^Leaves  evenly  pinnate.   Rachis 
Tertiary  and  with  several  of  the  still  existing  stout.    Petiole  2.5  centimeters  in  length.    Leaf- 
species  appearing  in  the  Pleistocene.  lets  obhque  and  opposite,  small  and  sessile,  or 
There  is  a  strong  generic  likeness  among  all    

,\       e        '^              •               1.1              J                   11           .1  iWatelet,  A.,  Description  des  plantes  fossiles  du  bassin  de  Paris,  p. 

the  fossil  species  and  the  pods  as  well  as  the  241,  pi.  ss,  fig.  9,  mw. 
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very  minutely  petiolulate,  attached  obliquely, 
ovate-lanceolate  and  slightly  falcate  in  outline. 
Length  about  3  to  3.5  centimeters.  Maxi- 
mum width  about  1.1  centimeters,  in  the  mid- 
dle part  of  leaflet.  Margins  entire,  full  and 
rounded,  curving  inward  to  the  equally  pointed 
apex  and  base,  or  the  apex  very  slightly  more 
slender  than  the  base.  Petiolule  relatively 
stouter  than  in  Cassia  fayeUensis  Berry,  promi- 
nent on  the  under  side  of  the  leaflet,  sUghtly 
curved.  Secondaries  thin,  six  or  seven  camp- 
todrouGie  pairs,  more  ascending  than  in  Cassia 
fayettensis  and  leaflets  also  of  a  thicker  texture 
than  in  that  species. 

This  species  is  well  marked,  and  though  in 
its  general  appearance  it  suggests  a  small 
variety  of  Cassia  fayettensis,  the  nearly  sessile 
leaflets  with  their  more  coriaceous  texture  and 
different  venation  serve  to  indicate  its  dis- 
tinctness. It  is  very  similar  to  the  somewhat 
smaller  species  Cassia  marshaUensis  Berry, 
which  is  more  coriaceous  and  has  more  numer- 
ous open  secondaries  and  a  relatively  long 
petiolule.  It  resembles  numerous  existing  and 
European  Tertiary  species  of  Cassia.  It  is 
somewhat  similar  to  a  form  from  the  Tertiary 
of  BoUvia  described  by  Engelhardt  ^  as  Cassia 
memhranacea  and  compared  with  the  existing 
Cassia  laevigata  Willdenow,  which  ranges  from 
Mexico  to  Brazil. 

Occurrence. — Holly  Springs  sand.  Early 
Grove,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry).  Lagrange  formation  (in  beds 
of  Wilcox  age) ,  H  miles  west  of  Grand  Junction, 
in  Fayette  County,  Tenn.  (collected  by  E.  W. 
Berry) . 

Collections. — U.  S.  National  Museum. 

Cassia  EOLiGNmcA  Berry,  n.  sp. 

Plate  XL VIII,  figures  2-4. 

Description. — Leaflets  elliptical  in  general 
outline  with  a  rounded  apex  and  a  slightly 
narrowed  base.  Length  ranges  from  5  to  7 
centimeters.  Maximum  width,  about  mid- 
way between  the  apex  and  the  base,  ranging 
from  2.5  to  3  centimeters.  Margins  full  and 
entire,  slightly  irregular.  Petiolule  short  and 
stout,  widened  and  rugose,  ranging  from  1.5 
to  3  millimeters  in  length  according  to  the  size 
of  the  leaflet.  Midrib  slender.  Secondaries 
very  thin  but  distinct,  five  or  six  opposite  to 

1  Engelhardt,  Ilennann,  Naturwiss.  Gesell.  Isis  in  Dresden  Abh., 
18M,  p.  9,  pi.  1,  figs.  31, 32. 


alternate  pairs*  unequally  spaced,  diverging 
from  the  midrib  at  angles  of  about  45°,  rather 
straight  proximad  but  curved  and  campto- 
drome  toward  the  margins.  Tertiaries  very 
fine  but  distinct  in  the  smaller  leaves,  forming 
camptodrome  arches  in  the  marginal  region 
and  large  pentagonal  meshes  internally,  mostly 
obsolete  in  the  larger  leaflets.  Leaf  substance 
thin. 

The  general  form  and  details  of  venation  ally 
this  species  with  the  genus  Cassia.  Among 
the  Wilcox  species  it  is  closest  to  Cassia 
wUcoxiana  Berry  but  is  relatively  broader  and 
petiolulate.  It  may  be  distinguished  from  the 
Wilcox  species  of  Sophora,  which  resemble 
it  in  outline,  by  its  texture  and  venation. 
A  relatively  shorter  and  broader  specimen, 
collected  by  McGee  at  Early  Grove,  is  in  the 
United  States  National  Museum  collections. 
The  lai^est  forms  come  from  the  locaUty 
between  Grand  Junction  and  La  Grange. 
The  species  is  rare  at  the  outcrops  where  it  has 
been  found  but  evidently  had  a  considerable 
range  and  was  probably  more  common  than  the 
collected  material  indicates. 

Occurrence. — HoUy  Springs  sand.  Early  Grove, 
Marshall  County,  Miss,  (collected  by  W  J 
McGee).  Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry),  and  IJ  miles  west 
of  Grand  Junction  in  Fayette  County,  Tenn. 
(collected  by  E.  W.  Berry).  Wilcox  group,  1 J 
miles  northeast  of  Mansfield,  De  Soto  Parish, 
La.  (collected  by  G.  C.  Matson  and  O.  B. 
Hopkins). 

Collections. — U.  S.  National  Museum. 

Cassia  bentonensis  Berry,  n.  sp. 

Plate  L,  figure  I. 

Description. — Pods  of  medium  size,  elon- 
gated, linear,  flat,  unsegmented,  with  fine 
transverse  forked  and  more  or  less  anasto- 
mosing veinlets.  Length  about  7  centimeters 
and  width  about  1  centimeter.  Seeds  numer- 
ous, compressed. 

This  species  is  based  on  incomplete  speci- 
mens, the  largest  being  that  figured.  The 
only  foUage  of  Cassia  associated  with  it  is 
represented  by  the  leaflets  described  as  Cassia 
fayettensis  Berry,  and  the  specimens  may  well 
be  the  pods  of  this  or  of  one  of  the  other 
numerous  Wilcox  species  of  Caesalpiniaceae. 
They  resemble  numerous  existing  Cassia  fruits 
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as  well  as  those  of  several  previously  described 
Tertiary  species,  for  example,  the  pods  which 
Heer  refers  to  the  widespread  Cassia  berenices 
Unger.^  Though  the  similarity  of  foliage  and 
fruit  among  the  nimierous  existing  species  6t 
this  very  lai^e  genus  renders  detailed  com- 
parisons of  less  value  than  in  other  genera,  the 
similarity  of  the  present  species  to  the  pods  of 
the  existing  Cassia  apouconita  Aublet  is, 
however,  worth  pointing  out.  Cassia  apou- 
conita ranges  from  Rio  de  Janeiro  northward 
to  the  Caribbean  Sea  in  tropical  South  America^ 
and  its  pods,  its  size,  shape,  margin,  veining, 
and  the  like  are  practically  identical  with 
Cassia  hentonensis. 

Occurrence, — ^Wilcox  group,  Benton,  Saline 
County,  Ark.  (collected  by  R.  E.  Call).  Beds 
of  Wilcox  age,  Calaveras  Creek,  Wilson  County, 
Tex.  (collected  by  Alexander  Deussen). 

Collections, — ^U.  S.  National  Museum. 

Cassia  puryearensis  Berry,  n.  sp. 

Plate  LI,  figures  13  and  14. 

Description, — ^Leaflets  relatively  large,  equi- 
lateral and  petiolulate,  ovate-lanceolate  in 
general  outline;  the  tip  gradually  narrowed, 
extended,  and  acuminate  and  the  base  cimeate 
or  slightly  decurrent.  Length  about  8  centi- 
meters. Maximum  width,  in  the  lower  half  of 
the  leaflet,  about  2.4  centimeters.  Margins 
entire,  full  below  and  regularly  curved.  Leaf 
substance  of  medium  thickness  and  smooth 
surface,  not  coriaceous.  Petiolule  stout,  about 
4  millimeters  in  length.  Midrib  stout,  straight, 
prominent  on  the  lower  surface  of  the  leaflet. 
Secondaries  thin,  more  or  less  inamersed  in  the 
lamina;  eight  to  ten  pairs  diverge  from  the 
midrib  at  angles  of  45°  to  55°,  curving  regu- 
larly upward  in  a  subparallel  manner  and  camp- 
todrome.     Tertiaries  obsolete. 

This  species  is  clearly  distinct  from  the  con- 
temporaneous species  of  Cassia,  differing  in 
its  larger  size,  its  ovate-lanceolate  outline,  and 
extended  acumen.  It  is  very  similar  to  several 
species  of  Cassia  of  the  European  Tertiary, 
such  as  Cassia  berenices  linger,  and  it  is  also 
practically  indistinguishable  from  several  ex- 
isting species,  for  example.  Cassia  laevigata 
Willdenow,  Cassia  corymbosa  Lamarck,  and 
other  species  of  Central  and  South  America. 
Among  antecedent  forms  it  is  remarkably  close 

1  Heer,  Oswald,  Flora  tertiaria  Helvetia;,  vol.  3,  pi.  137,  fig.  55, 1859. 


to  several  Upper  Cretaceous  species,  such  as 
Cassia  vaughani  Berry,  which  is  common  in  the 
lower  Tuscaloosa  flora  of  western  Alabama. 

Occurrence. — ^Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Cassia  wilcoxiana  Berry,  n.  sp. 

Plat^  L,  figures  2-5. 

Description. — Leaves  compound.  Leaflets 
sessile,  ovate-elliptical  in  outline,  the  apex 
broadly  rounded,  in  some  specimens  slightly 
emarginate,  and  the  base  bluntly  pointed. 
Length  about  5.5  centimeters.  Maximuxu 
width,  in  the  middle  part  of  the  leaflets,  2 
centimeters.  Margins  entire,  slightly  wavy 
in  some  specimens.  Midrib  stout.  Second- 
aries thin,  about  nine  alternate  to  opposite 
pairs.  They  branch  from  the  midrib  at  angles 
of  50°  to  55°;  their  course  is  rather  straight  at 
first,  but  toward  the  margin*  they  curve  up- 
ward in  broad  camptodrome  arches.  Ter- 
tiaries thin,  arched  along  the  mai^in,  inter- 
nally forming  lai^e  four  or  five  sided  open 
meshes.  Pods  small,  elliptical  and  flat,  about 
3  centimeters  or  sUghtly  less  in  length  by  1.2 
or  1.3  centimeters  in  maximum  width,  rounded 
at  both  ends,  the  distal  end  more  broadly 
roimded.  The  pods  show  oblique  thin  sub- 
parallel  anastomosing  curved  veins  and  were 
few  seeded. 

These  leaves  and  pods  are  characteristically 
those  of  some  species  of  Cassia.  They  were 
not  found  in  organic  union,  however,  and  ar9 
described  under  a  single  specific,  name  since 
they  are  commonly  found  associated.  A 
comparison  with  the  modem  forms  of  Cassia 
has  resulted  in  the  restoration  shown  in  figure 
13.  The  leaf  arrangement  is  after  that  of  the 
existing  Cassia  tora  Linn6  and  the  arrangement 
of  the  pods  is  like  that  of  the  existing  Cassia 
acutijolia  Delpino.  These  characters  do  not 
indicate  any  especially  close  filiation,  for  the 
leaf  and  fruiting  characters  are  very  similar 
throughout  the  vast  number  of  existing  forms, 
which  embrace  between  300  and  400  herbs, 
shrubs,  and  trees,  found  on  all  the  continents 
in  the  warmer  temperate  and  tropical  zones, 
and  esppcially  abimdant  in  tropical  America. 
The  leaflets  in  the  present  species  are  considered 
to  have  been  in  three  pairs,  hence  the  leaves 
were  evenly  pinnate  and  probably  alternate. 
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The  pods  are  arranged  in  a  raceme,  as  was  of  straighter  secondaries  and  more  perfectly  ellip- 

courae    the    inflorescence,    and    were    tardily  tical  outline. 

dehiscent.  The  pods  are  much  like  those  from  the  lower 

This  species  might  be  compared  with  a  great  Oligocene    (Sannoistan)    of    southern    France, 

many  existing  and  fossil  species  of  Cassia,  but  described   by  Saporta   as   Micropodium  oligo- 

in  view  of  the  great  similarity  in  foliage  and  apermum}    They  are  also  much  like  the  pods  of 

fruiting  characters  throughout  the  genus  little  Heer!a  genus  Podogonium,'  but  differ,  as  does 

weight  can  be  attached  to  resemblances  to  also  Micropodium,  in  having  more  than  a  single 

individual  species.     If  it  is  thought  that  an  seed  and  in  lacking  the  long  stalk  which  is  prea- 

unwise  course  has  been  followed  in  referring  ent  in  Podogonium.    They  may  be  compared 


FiouKE  13.— Resiomtion  o(  Cassia  u  itaiiiana  Berry.    (One-haJt  natural  sUs.) 

both  the  leaflets  and  pods  to  a  single  species,  also  with  a  form  from  the  Tertiary  of  BoUvia 

it  should  he  remembered  that  in  any  event  they  described  by  Engelhardt  ^  as  Dalbergia  antiqua. 

belong    to    closely    related    contemporaneous  Occurrence. — Holly     Springs    sand,      Holly 

species  and  both  show  unmistakably  that  they  Springs,  Marshall  County,  Miss,  (collected  by 

are   properly    referred    to    the   genus   Cassia.  E.  W.  Berry). 

There  is  no  danger  of  confusing  the  present         CoUection.^lJ.  S.  National  Museum. 

species  with  the  numerous  other  Wilcox  species 
of  Cassalpiniacete.     It  is,  however,  Uable  to  be 

mistaken  for  SopAffra  mZcariaim  Berry,  which  'nser,  oswaid,  yioi 

.    ^                   .   ,                             ■"  1  Engelhardl,  Hera 

IS    more    conaceous    with    more    numerous  law, p.  b,  pi. i,  Eg.  23. 
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Cassia  marshallensis  Berry,  n.  sp. 

Plate  L,  figures  6  and  7. 

Description, — Leaflets  relatively  small,  lan- 
ceolate, somewhat  falcate  in  outline,  more  or 
less  inequilateral,  the  apex  obtusely  pointed, 
in  some  specimens  sUghtly  emarginate,  and  the 
base  broadly  pointed  and  in  some  specimens 
quite  inequilateral.  Length  as  a  rule  about  2.5 
centimeters.  Maximum  length  observed  3.5 
centimeters.  Maximum  width  1.1  centimeters, 
midway  between  the  apex  and  the  base.  Mar- 
gins entire  and  fully  and  regularly  curved. 
Texture  coriaceous.  Petiolule  stout,  about  2.5 
millimeters  or  less  in  length,  much  curved. 
Midrib  stout,  prominent,  and  curved.  Second- 
aries thin,  eight  or  nine  rather  regularly 
spaced,  subopposite  to  alternate,  subparallel, 
camptodrome  pairs,  branching  from  the  midrib 
at  angles  of  about  60°  or  more. 

This  species  shows  all  the  characters  of  the 
genus  Cassia.  It  is  the  smallest  of  the  Wilcox 
forms  referred  to  that  genus,  but  may  be  com- 
pared with  numerous  similar  species  of  Cassia, 
both  living  and  fossil.  It  is  somewhat  close  to 
Cassia  tennesseensis  but  is  readily  recognizable 
and  is  named  from  the  occurrence  of  the  type 
in  Marshall  County,  Miss. 

It  is  much  like  a  form  from  the  Tertiary  of 
Bolivia  described  by  Engelhardt  *  as  Cassia 
ligustrinoides. 

Occurrence.  —  Holly  Springs  sand,  Early 
Grove,  Marshall  County,  Miss,  (collected  by  E. 
W.  Berry).  Lagrange  formation  (in  beds  of 
Wilcox  age),  \\  miles  west  of  Grand  Junction 
in  Fayette  County,  Tenn.  (collected  by  L.  C. 
Glenn),  and  WicklifFe,  Ballard  County,  Ky. 
(collected  by  E.  W.  Berry). 

Collections, — U.  S.  National  Museum. 

Cassia  fayettensis  Berry,  n.  sp. 

Plate  XLIX,  figures  5-8. 

Description, — Leaflets  petiolulate,  ovate-lan- 
ceolate in  outline,  very  slightly  inequilateral, 
3.5  to  4.5  centimeters  in  length  by  about  1.7 
centimeters  in  maximum  width  at  or  slightly 
below  the  middle  of  the  leaflet.  Margins  entire 
and  fully  rounded,  so  full  in  some  specimens 
that  they  become  repand.  Basally  the  mar- 
gins come  inward  with  regular  full  curves 
to    the    pointed,    slightly    inequilateral   base; 

1  Engelhardt,  Ilermann,  Naturwiss.  Qesell.  Isis  in  Dresden  Abb.,  1887, 
p.  37,  pi.  1,  fig.  16;  idem,  1894,  p.  10,  pi.  1,  fig.  27. 


distad  they  are  regularly  curved,  the  curves 
being  flatter  than  at  the  base;  hence  this 
part  of  the  leaflet  is  more  slender  than  the  base. 
Apex  narrowly  rounded.  Petiolules  stout  ru- 
gose, 3  or  4  millimeters  in  length,  apparently 
without  exception  much  curved.  Midrib  stout 
and  generally  straight,  prominent  on  the  lower 
surface  of  the  leaflet.  Secondaries  not  raised, 
very  thin  but  distinct,  eight  or  nine  alternate 
pairs,  unequally  spaced,  branching  from  the 
midrib  at  angles  of  more  than  60°,  at  first 
straight  and  then  curving  upward  in  a  broad 
arch  some  distance  from  the  margin  to  join  the 
secondary  next  above.  Outside  of  these  rather 
flat  arches  are  small  straight  laterally  directed 
tertiaries,  also  arched  from  tip  to  tip  approxi- 
mately parallel  with  the  margins.  Texture 
thin  and  membranaceous. 

These  leaves  in  their  outline,  texture,  and  the 
very  characteristic  venation  are  clearly  refer- 
able to  Cassia  and  approach  somewhat  closely 
the  more  lanceolate  forms  of  the  associated  Cas- 
sia glenni  Berry.  They  are  invariably  smaller, 
but  in  spite  of  this  fact  they  have  a  much 
longer  petiolule,  and  they  have  not  been  ob- 
served to  show  any  tendency  toward  an  emar- 
gination  of  the  tip.  They  resemble  somewhat 
the  two  smaller  species  Cassia  marshaUensis 
Berry  and  Cassia  tennesseensis  Berry,  both  of 
which  differ  in  their  venation,  Cassia  tennes- 
seensis being  sessile  and  not  petiolulate. 

The  present  species  is  similar  to  a  number  of 
existing  species  of  Cassia,  the  South  American 
Cassia  stipvJacea  Alton,  to  mention  but  one. 
It  is  also  similar  to  a  number  of  European  Ter- 
tiary species,  for  example.  Cassia  feronise  Et- 
tingshausen  *  from  the  lower  Oligocene  of  the 
Tyrol,  or  the  very  wide  ranging  Cassia  lignitum 
Unger,'  which  not  only  occurs  all  over  Europe 
but  has  been  recorded  in  considerable  abun- 
dance from  the  early  Tertiary  of  eastern  Asia 
by  Heer.* 

Occurrence, — Wilcox  group,  Benton,  Saline 
County,  Ark.  (collected  by  R.  E.  Call).  Holly 
Springs  sand.  Holly  Springs,  Marshall  County, 
Miss,  (collected  by  E.  W.  Berry),  and  Vaughns, 
near  Lamar,  Benton  County,  Miss,  (collected 
by  L.  C.  Johnson).     Lagrange  formation  (in 

X  Ettingsbaosen,  C.  von.  Die  terti&re  Flora  von  Il&ring,  p.  91,  pi.  30, 
figs.  9-11, 1855. 

'Compare  with  figures  in  Ettingdhausen,  C.  von,  idem,  pi.  29,  figs.  40- 
42,  and  Heer,  Oswald,  Flora  tertiaria  Helvetise,  vol.  3,  p.  121,  pi.  138, 
figs.  22-28, 1859. 

*  Heer,  Oswald,  Flora  (ossilis  arctica,  vol.  5,  pt.  4,  p.  55,  pi.  15,  figs.  G-8, 
1878. 
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especially  as  their  common  characters  of  vena- 
tion set  them  apart  from  all  the  other  numerous 
species  of  Wilcox  Leguminosae.  A  few  of  these 
forms  which  are  similar  in  outline  to  some  of  the 
varieties  of  the  present  species  are  the  following: 
Cassia  puryearensis  Berry  is  suggestive  of  the 
larger  ovate-lanceolate  form;  Cassia  vMcoxiana 
Berry  is  similar  to  the  emarginate  form,  and 
Cassia  tennesseensis  Berry  and  Cassia  fayeUen- 
sis  Berry  suggest  the  smaller  lanceolate  forms. 
As  previously  remarked,  however,  and  without 
taking  the  space  to  enumerate  the  minor 
differences,  Cassia  lowii  has  much  more  as- 
cending secondaries  and  a  well-marked  venation, 
unUke  all  the  species  enumerated  above.  It 
may  be  compared  with  a  large  number  of  recent 
species  of  Cassia. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  Lowe  and 
Berry). 

Collection. — U.  S.  National  Museum. 

Cassia  mississippiensis  Berry,  n.  sp. 

Plate  LI,  figures  10  and  11. 

Description. — Pods  short,  wide,  and  com- 
pressed, the  peduncle  stout  and  the  tip  acu- 
minate. Widest  at  or  below  the  middle  and 
tapering  somewhat  distad,  distinctly  mar- 
gined all  around.  Texture  very  coriaceous. 
Veins  transverse,  very  faint  and  immersed. 
Length  3.5  to  4.5  centimeters.  Maximum 
width  1.6  to  1.8  centimeters.  Seeds  few  and 
of  large  size. 

This  species  is  clearly  distinct  from  the  other 
forms  of  pods  found  in  the  Wilcox  group,  and 
it  therefore  becomes  necessary  to  give  it  a 
specific  name,  although  it  probably  represents 
the  fruits  of  one  of  the  numerous  species  of 
Cassia  described  from  the  leaflets.  These  pods 
resemble  somewhat  those  of  Cassia  wilcoxiana 
Berry,  but  are  wider,  more  regularly  rounded, 
more  distinctly  margined,  more  acuminate,  and 
more  coriaceous,  and  the  venation  is  much  less 
prominent. 

Occurrence. — Grenada  formation ,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Lagrange  formation 
(in  beds  of  Wilcox  age),  1^  miles  west  of  Grand 
Junction,  in  Fayette  County,  Tenn.  (collected 
by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 


Genus  CiCSALPINIA  LinnC. 
C^SALPiNiA  WILCOXIANA  Bcrrv,  n.  sp. 

Plate  L,  figures  ^12. 

Description. — Leaflets  elliptical  in  outline 
and  of  different  sizes,  ranging  from  1  to  2  centi- 
meters in  length  and  from  4  to  8  millimeters 
in  maximum  width  at  or  below  the  middle  of 
the  leaf.  Apex  slightly  narrower  than  the 
base,  broadly  roimded.  Base  rounded,  slightly 
inequilateral.  Margins  entire  and  full.  Tex- 
ture coriaceous.  Petiolule  stout,  straight,  as  a 
rule  from  1.5  to  2  millimeters  in  length.  Mid- 
rib stodt  and  straight,  impressed  on  the  upper 
side  and  prominent  on  the  lower  side  of  the 
leaflets.  Secondaries  thin  and  mostly  im- 
mersed, eight  or  nine  pairs,  branching  from 
the  midrib  at  a  wide  angle,  camptodrome  but 
merging  in  the  tertiary  areolation  toward  the 
margin.  A  leaflet  of  this  species  from  Puryear, 
which  measures  8  millimeters  in  length,  has  a 
petiolule  4.5  millimeters  long. 

This  species,  though  the  specimens  differ  in 
size,  is  rather  uniform  in  outline  and  is  readily 
distinguished  from  associated  forms  of  Mimosa- 
ceae  and  Caesalpiniacese  by  its  coriaceous  tex- 
ture, its  CaBsalpinia  venation,  which  is  stronger 
than  in  Mimosites,  its  relatively  long  petiolule 
and  its  symmetric  appearance,  although  the 
leaflets  are  really  more  or  less  inequilateral. 

The  existing  species  of  Csesalpinia  number 
about  two  score  forms  of  the  Tropics  of  both 
hemispheres,  none  of  which  reach  the  United 
States  except  two  or  three  species  of  the 
Florida  Keys  which  are  often  referred  to  the 
allied  genus  Poinciana  Liim6.  The  leaflets 
of.  Caesalpinia  wilcoxiana  can  be  closely  matched 
by  those  of  several  existing  West  Indian  and 
tropical  American  species,  for  example,  Caesal- 
pinia  lahamensis  Lamarck,  and  this  resem- 
blance is  so  close  that  the  present  form  is 
referred  without  hesitation  to  the  genus 
Csesalpinia  and  not  to  the  somewhat  less 
definite  form  genus  Cfesalpinites,  whict  is  used 
for  allied  forms  referable  to  the  family  Csesal- 
piniaceie,  whose  generic  affinity  can  not  be 
positively  settled. 

Guppy  ^  discusses  the  three  oriental  strand 
species — C.  nuga  (Alton),  C.  honduceUa  (Flcm- 

iQiippy,  H.  B..  Observations  of  a  naturalist  in  the  Pacific,  vol.  2, 
Plant  dispersal,  p.  183, 1906. 
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ing\  and  C,  bonduc  (Roxburg).  The  second 
of  these  is  cosmopohtan  and  its  seeds  float 
imiujured  for  months.  There  are  a  number 
of  records  of  their  occurrence  in  the  drift  on 
the  Irish  and  Scandinavian  coasts.  Robert 
Brown  recorded  a  plant  raised  from  a  West 
Indian  seed  washed  up  on  the  Irish  coast,  and 
these  features  of  distribution  are  discussed  by 
Hemsley,  Schimper,  Guppy,  and  Sernander. 

The  fossil  species  of  Csesalpinia  are  numer- 
ous, numbering  more  than  a  score,  besides 
about  an  equal  number  of  forms  of  Caesal- 
pinites.  They  are  largely  represented  in  the 
European  Tertiary,  commencing  with  the 
upper  Eocene.  In  this  country  our  previ- 
ously known  Eocene  floras  have  been  of  a  rather 
different  type,  and  leguminous  forms  have  not 
been  discovered  in  them  in  great  quantities. 

A  few  fossil  forms  that  resemble  the  present 
species  are  Leguminosites  calpumiaides  Saporta* 
from  the  French  Oligocene,  which  is  practi- 
cally identical  with  the  larger  leaflets  of  the 
American  Eocene  form  except  that  the  French 
form  has  a  shorter  petiolule.  Cxsalpinites 
aMigendus  Saporta^  from  the  lower  Oligo- 
c<»ne  of  France  is  practically  identical  with  the 
smaller  forms  of  the  present  species,  Copaifera 
rdicta  Unger '  from  Radoboj  in  Croatia  is  also 
almost  exactly  like  the  larger  leaflets  of  the 
prc»sent  species.  Other  similar  forms  from  the 
Tertiary  of  Bolivia  are  described  by  Engel- 
hardt  as  Plaiipodium  potosianum^  and  Dre- 
panocarpus  franJcei^  and  are  supposed  to  repre- 
Hi'mt  these  two  allied  genera  of  papilionaceous 
trees,  which  in  the  existing  flora  are  confined 
to  the  American  Tropics.  Another  fossil  species 
which  .closely  resembles  the  larger  leaflets  of 
Caesalpinia  wUcoxiafia  Berry  is  described  by 
Engelhardt*  as  Cassia  longifolia.  It  is  from 
the  Tertiary  of  Ecuador. 

Csesalpinia  wUcoxiana  was  apparently  com- 
mon throughout  Holly  Springs  time.  North- 
ward it  appears  to  have  been  replaced  by  species 
of  Mimositos. 

1  Saporta,  0.  de,  ^tudos  sur  la  v^^tatlon  du  sud-est  de  la  France  k 
r^poque  tertlaire,  vol.  3,  p.  180,  pi.  7,  fig.  7, 1867. 

*  Saporta,  O.  de,  Demidres  adjonctioos  k  la  flore  fosslle  d'Aix-en- 
Provenoe,  p.  121,  pi.  19,  fig.  24, 1889. 

>  Unger,  Franz,  Sylloge  plantarum  fossilitim,  vol.  2,  p.  32,  pi.  11,  fig.  11, 
1%2;  Die  fosslle  Flora  von  Radoboj,  p.  154,  pi.  3,  fig.  10, 1869. 

*  Engelhardt,  Hermann,  Naturwiss.  Oesell.  Isis  In  Dresden  Abb., 
1894,  p.  12,  pi.  1,  fig.  41. 

*  Idem,  p.  8,  pi.  1,  figs.  36-38. 

*  Engelbardt,  Hermann,  Senckenbergische  naturf.  Qesell.  Abb.,  vd. 
19,  p.  19,  pi.  2,  figs.  16  and  16, 1895. 


Occurrence. — Holly  Springs  sand,  Early 
Grove  and  Holly  Springs,  Marshall  Coimty, 
Miss,  (collected  by  E.  W.  Berry).  Lagrange 
formation  (in  beds  of  Wilcox  age),  Puryear, 
Henry  County,  and  Pinson,  Madison  County, 
Tenn.  (collected  by  E.  W.  Berry). 

Collections. — ^U.  S.  National  Museum. 

Genus  CiGSALPINITES  Saporta. 

C^SALPiNFTES  PiNSONENSis  Berry,  n.  sp. 

Plate  L,  figure  13. 

Description, — ^Leaflets  small  and  sessile,  at- 
tached somewhat  obliquely,  broadly  elliptical 
in  outline,  about  7  millimeters  in  length  by  4.5 
millimeters  in  maximum  width  in  the  basal 
half.  Apex  broadly  rounded,  with  a  mucro- 
nate  point  at  the  end  of  the  midrib.  Base 
broadly  rounded,  somewhat  inequilateral,  and 
broader  than  the  apex.  Margins  entire.  Tex- 
ture coriaceous.  Venation  immersed,  even  the 
midrib  sc^arcely  discernible. 

This  small,  almost  orbicular  leaflet  is  clearly 
allied  to  Csesalpinia.  It  is  sparingly  repre- 
sented at  Pinson  and  the  material  collected 
shows  only  the  upper  surface  of  the  leaflets,  so 
that  the  venation  characters  can  not  be  made 
out.  It  is  much  smaller  than  most  of  the  forms 
of  Csesalpiniacese  and  Mimosaceae  described 
from  the  Wilcox  deposits  and  is  not  close  to  any 
previously  described  forms.  It  suggests  some- 
what Csesalpinia  seUar^  Berry,  a  true  Ceesal- 
pinia,  which  comes  from  the  Alum  Bluff  forma- 
tion of  Florida,  and  in  which  the  leaflets  were 
more  inequilateral  at  the  base  and  consequently 
borne  at  a  more  oblique  angle  on  the  rachis. 

A  number  of  species  described  from  lat^r 
Tertiary  horizons  of  Europe  are  similar  to  the 
form  under  discussion,  for  example,  the  lower 
Oligocene  forms  (Stampian)  of  Csesalpinia 
tovmshendi  Heer. 

Csesalpinites  pinsonensis  comes  from  the 
basal  sands  of  Holly  Springs  or  middle  Wilcox 
age  near  the  eastern  boundary  of  Madison 
County,  Tenn.,  and  is  of  especial  interest  on 
that  account.  It  is  very  close  but  somewhat 
larger  than  a  form  from  the  Tertiary  of  Bolivia 
described  by  Engelhardt  ^  as  Desmodium  eUip- 
ticum. 


7  Engelbardt,  nermann,  Naturwiss.  Oesell.  Isis  in  Dresden  Abh., 
1894,  p.  8,  pi.  1,  figs.  42-44. 


BOSALES. 
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Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Pinson,  Madison  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

C^SALPrNTTES  B^NTONENSis  Berry,  n.  sp. 

Plate  L,  figure  14. 

Description. — Leaflets  elliptical  in  general 
outline,  the  apex  sharply  emarginate  and  the 
base  rounded  or  broadly  pointed.  Margins 
entire,  slightly  undulate.  Texture  coriaceous. 
Length  about  3  centimeters  or  shghtly  less. 
Maximum  width  1.5  centimeters,  in  the  basal 
half  of  the  leaflet.  Apical  ears  directed  up- 
ward, rather  imiformly  and  broadly  rounded. 
Midrib  stout  and  straight.  Secondaries  thin, 
ascending,  camptodrome,  insensibly  merging 
into  the  tertiary  areolation  in  the  upper  part 
of  the  leaflet.  Tertiaries  form  small  arches  in 
marginal  region. 

This  species  is  unfortunately  based  on  the 
single  incomplete  fragment  figured,  and  were  it 
not  for  its  striking  unlikeness  to  the  other 
members  of  the  Wilcox  flora  it  would  be  unsafe 
to  form  the  basis  of  a  new  species.  It  resem- 
bles a  niunber  of  recent  species  of  Csesalpinia 
and  also  the  fossil  form  described  by  Heer  as 
Tephrosia  europsea.^  It  is  not  unlike  some  of 
the  forms  of  Podogonium  lyeUianum  Heer.*  It 
may  be  distinguished  from  Dalbcrgia,  Colutea, 
Bumelia,  Sapotacites,  and  other  genera  with 
retuse  or  emarginate  tips,  not  only  by  the  vena- 
tion but  by  its  being  narrower  distad  than 
proximad,  whereas  these  genera  have  leaves  or 
leaflets  which  are  usually  narrowly  pointed  at 
the  base  and  widest  above  the  middle. 

Occurrence. — ^Wilcox  group,  Benton,  Saline 
County,  Ark.  (collected  by  R.  E.  Call). 

Collection. — ^U.  S.  National  Museum. 

C^SALPmriEs  MississiPPiENsis  Berry. 

Plate  L,  figure  16. 

Description. — ^Leaflets  ovate-lanceolate  in 
outline,  the  base  broadly  rounded,  nearly 
equilateral,  sessile,  and  the  apex  narrowed  and 
bluntly  rounded.  Length  about  2.2  centi- 
meters. Maximum  width  about  8  millimeters, 
in  the  basal  half  of  the  leaflets.  Margins  entire, 
regularly  and  full  curved.  Texture  coriaceous. 
Midrib   stout,   prominent.     Secondaries   thin, 

I  Heer,  Oswald,  Flora  tertiaria  Helvetiae,  vol.  3,  p.  101,  pi.  133,  figs. 
1-3,  1859. 
>  Idem,  p.  117,  pi.  136,  figs.  22-52. 


about  10  pairs,  branching  from  the  midrib  at 
angles  of  about  45°,  curving  upward,  campto- 
drome, more  or  less  merging  with  the  fine  but 
distinct  tertiary  areolation. 

This  species  closely  resembles  the  larger 
leaflets  of  Caesdlpinia  wilcoxiana  Berry,  but  is 
narrowed  upward  and  also  unlike  that  species 
in  the  absence  of  a  petiolule.  It  may  be  com- 
pared with  a  number  of  very  similar  fossil  and 
existing  species  of  Acacia,  Csesalpinia,  Mimosa, 
and  aUied  genera. 

Occurrence. — HoUy  Springs  sand,  HoUy 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

C^SALPINITES  (PaBKINSONIA  ?)  ACULEATAFOLIA 

Berry,  n.  sp. 

Plate  L,  figure  15. 

Description. — Leaflets  small,  equilateral,  and 
sessile  or  minutely  petiolulate,  obovate-lance- 
olate  in  outline,  the  apex  broadly  rounded  and 
the  base  somewhat  narrowed  and  pointed. 
Length  5  or  6  millimeters.  Maximum  width 
about  2.5  to  3  millimeters,  above  the  middle. 
Margins  entire.  Texture  subcoriaceous.  Mid- 
rib relatively  stout,  curved,  prominent  on  the 
under  side  of  the  leaflet.  Secondaries  for  the 
most  part  merged  with  the  tertiary  areolation 
and  indistinguishable  from  it.  Two  or  three 
pairs  of  secondaries  stand  out  slightly  as 
ascending,  gently  curved,  and  camptodrome. 

This  species  is  the  smallest  form  thus  far 
known  from  the  WUcox  flora  and  is  clearly  dis- 
tinct from  the  associated  species  of  Csesal- 
piniacese  or  Mimosacese.  Though  much  smaller 
and  relatively  shorter  and  broader,  it  suggests 
Mvnwsites  spaMdatus  Berry  of  the  overlying 
Claiborne  group.  Among  Recent  forms  it 
suggests  the  leaflets  of  Parkinsonia,  especially 
Parlcinsonia  aculeata  Linn6,  the  so-called  horse 
bean,  so  widely  planted  throughout  the  West 
Indies  and  other  tropical  countries  and  in- 
digenous in  low  moist  spots  from  the  lower  Rio 
Grande  to  Lower  California. 

The  genus  Parkinsonia  contains  only  three 
or  four  existing  species  in  the  warmer  parts  of 
North  America  and  South  Africa.  I  am  only 
acquainted  with  one  fossil  form,  Parlcinsonia 
recta  Laurent'  from  the  Tongrian  of  France. 
The  leaflets  of  that  species  are  very  similar 

s  Laurent,  Louis,  Flore  des  calcalres  de  Cdlas,  p.  140,  pi.  14,  figs.  18-21, 
1899. 
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ing),  and  C,  honduc  (Roxburg).  The  second 
of  these  is  cosmopoUtan  and  its  seeds  float 
uninjured  for  months.  There  are  a  number 
of  records  of  their  occurrence  in  the  drift  on 
the  Irish  and  Scandinavian  coasts.  Robert 
Brown  recorded  a  plant  raised  from  a  West 
Indian  seed  washed  up  on  the  Irish  coast,  and 
these  features  of  distribution  are  discussed  by 
Hemsley,  Schimper,  Guppy,  and  Sernander. 

The  fossil  species  of  Caesalpinia  are  numer- 
ous, numbering  more  than  a  score,  besides 
about  an  equal  number  of  forms  of  Caesal- 
pinites.  They  are  largely  represented  in  the 
European  Tertiary,  commencing  with  the 
upper  Eocene.  In  this  country  our  previ- 
ously known  Eocene  floras  have  been  of  a  rather 
different  type,  and  leguminous  forms  have  not 
been  discovered  in  them  in  great  quantities. 

A  few  fossil  forms  that  resemble  the  present 
species  are  Leguminosites  calpumwides  Saporta* 
from  the  French  Oligocene,  which  is  practi- 
cally identical  with  the  larger  leaflets  of  the 
American  Eocene  form  except  that  the  French 
form  has  a  shorter  petiolule.  Cxsalpinites 
colligendus  Saporta^  from  the  lower  Oligo- 
cene of  France  is  practically  identical  with  the 
smaller  forms  of  the  present  species,  Copaifera 
relicta  Unger '  from  Radoboj  in  Croatia  is  also 
almost  exactly  like  the  larger  leaflets  of  the 
present  species.  Other  similar  forms  from  the 
Tertiary  of  Bolivia  are  described  by  Engel- 
hardt  as  Plaiipodium  potoaianum  *  and  Dre- 
panocarpus  frankei^  and  are  supposed  to  repre- 
sent these  two  allied  genera  of  papilionaceous 
trees,  which  in  the  existing  flora  are  confined 
to  the  American  Tropics.  Another  fossil  species 
which , closely  resembles  the  larger  leaflets  of 
Csesalpinia  wUcoxiana  Berry  is  described  by 
Engelhardt  •  as  Cassia  longifolia.  It  is  from 
the  Tertiary  of  Ecuador. 

Cxsalpinia  wUcoxiana  was  apparently  com- 
mon throughout  Holly  Springs  time.  North- 
ward it  appears  to  have  been  replaced  by  species 
of  Mimosites. 

>  Saporta,  O.  de,  6tudos  sur  la  v^g^tation  du  sud-est  de  la  France  k 
r^poque  tertialre,  vol.  3,  p.  189,  pi.  7,  fig.  7, 1867. 

>  Saporta,  O.  de,  Demidres  adjonctlons  k  la  flore  fossile  d'Alx-«n- 
Provenoe,  p.  121,  pi.  19,  fig.  24, 1889. 

*  Unger,  Franz,  Sylloge  plantarum  fossilium,  vol.  2,  p.  32,  pi.  11,  fig.  11, 
1862;  Die  fossile  Flora  von  Radoboj,  p.  154,  pi.  3,  fig.  10, 1869. 

*  Engelhardt,  Hermann,  Naturwiss.  Oesell.  Isis  In  Dresden  Abb., 
1894,  p.  12,  pi.  1,  fig.  41. 

*  Idem,  p.  8,  pi.  1,  flga.  36-38. 

*  Engelhardt,  Hermann,  Senckenberglsche  oaturf.  Qesell.  Abh.,  vd. 
19,  p.  19,  pi.  2,  figs.  15  and  16, 1895. 


Occurrence. — Holly  Springs  sand,  Early 
Grove  and  Holly  Springs,  Marshall  County, 
Miss,  (collected  by  E.  W.  Berry).  Lagrange 
formation  (in  beds  of  Wilcox  age),  Puryear, 
Henry  County,  and  Pinson,  Madison  County, 
Tenn.  (collected  by  E.  W.  Berry). 

Collections. — ^U.  S.  National  Museum. 

Genus  CiGSALPINITES  Saporta. 

C^SALPiNrTES  PiNSONENSis  Berry,  n.  sp. 

Plate  L,  figure  13. 

Description. — ^Leaflets  small  and  sessile,  at- 
tached somewhat  obliquely,  broadly  elliptical 
in  outline,  about  7  millimeters  in  length  by  4.5 
millimeters  in  maximum  width  in  the  basal 
half.  Apex  broadly  rounded,  with  a  mucro- 
nate  point  at  the  end  of  the  midrib.  Base 
broadly  rounded,  somewhat  inequilateral,  and 
broader  than  the  apex.  Margins  entire.  Tex- 
ture coriaceous.  Venation  immersed,  even  the 
midrib  s(*.arcely  discernible. 

This  small,  almost  orbicular  leaflet  is  clearly 
allied  to  Csesalpinia.  It  is  sparingly  repre- 
sented at  Pinson  and  the  material  collected 
shows  only  the  upper  surface  of  the  leaflets,  so 
that  the  venation  characters  can  not  be  made 
out.  It  is  much  smaller  than  most  of  the  forms 
of  Ciesalpiniacese  and  Mimosacese  described 
from  the  Wilcox  deposits  and  is  not  close  to  any 
previously  described  forms.  It  suggests  some- 
what Csbsalpinia  seUar^  Berry,  a  true  Csesal- 
pinia,  which  comes  from  the  Alum  Bluff  forma- 
tion of  Florida,  and  in  which  the  leaflets  were 
more  inequilateral  at  the  base  and  consequently 
borne  at  a  more  oblique  angle  on  the  rachis. 

A  number  of  species  described  from  later 
Tertiary  horizons  of  Europe  are  similar  to  the 
form  imder  discussion,  for  example,  the  lower 
Oligocene  forms  (Stampian)  of  Csesalpinia 
tovmsTi^ndi  Heer. 

Csesalpinites  pinsonensis  comes  from  the 
basal  sands  of  Holly  Springs  or  middle  Wilcox 
age  near  the  eastern  boundary  of  Madison 
County,  Tenn.,  and  is  of  especial  interest  on 
that  account.  It  is  very  close  but  somewhat 
larger  than  a  form  from  the  Tertiary  of  Bolivia 
described  by  Engelhardt  ^  as  Desmodium  eUip- 
ticum. 


7  Engelhardt,  Hermann,  Naturwiss.  Oesell.  Isis  in  IXresden  Abh., 
1894,  p.  8,  pi.  1,  figs.  42-44. 
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Occurrence,— Lagrajige  formation  (in  beds  of 
Wilcox  age),  Pinson,  Madison  County,  Tenn. 
(collected  by  E.  W.  Berry). 

CoUection. — U.  S.  National  Museum. 

C/ESALPiNTTES  BBiNTONENSis  Berry,  n.  sp. 

Plate  L,  figure  14. 

Description. — Leaflets  elliptical  in  general 
outline,  the  apex  sharply  emarginate  and  the 
base  rounded  or  broadly  pointed.  Margins 
entire,  slightly  undulate.  Texture  coriaceous. 
Length  about  3  centimeters  or  slightly  less. 
Maximum  width  1.5  centimeters,  in  the  basal 
half  of  the  leaflet.  Apical  ears  directed  up- 
ward, rather  imiformly  and  broadly  roimded. 
Midrib  stout  and  straight.  Secondaries  thin, 
ascending,  camptodrome,  insensibly  merging 
into  the  tertiary  areolation  in  the  upper  part 
of  the  leaflet.  Tertiaries  form  small  arches  in 
marginal  region. 

This  species  is  unfortunately  based  on  the 
single  incomplete  fragment  figured,  and  were  it 
not  for  its  striking  unlikeness  to  the  other 
members  of  the  Wilcox  flora  it  would  be  imsafe 
to  form  the  basis  of  a  new  species.  It  resem- 
bles a  number  of  recent  species  of  Cflpsalpinia 
and  also  the  fossil  form  described  bv  Heer  as 
Tephrosia  europsea}  It  is  not  unlike  some  of 
the  forms  of  Podogonium  lyeUianum  Heer.'  It 
may  be  distinguished  from  Dalbergia,  Colutea, 
Bumelia,  Sapotacites,  and  other  genera  with 
retuse  or  emarginate  tips,  not  only  by  the  vena- 
tion but  by  its  being  narrower  distad  than 
proximad,  whereas  these  genera  have  leaves  or 
leaflets  which  are  usually  narrowly  pointed  at 
the  base  and  widest  above  the  middle. 

Occurrence. — Wilcox  group,  Benton,  Saline 
County,  Ark.  (collected  by  R.  E.  Call). 

Collection. — U.  S.  National  Museum. 

C^SALPmrrEs  mississippiensis  Berry. 

Plate  L,  figure  16. 

Description. — Leaflets  ovate-lanceolate  in 
outline,  the  base  broadly  rounded,  nearly 
equilateral,  sessile,  and  the  apex  narrowed  and 
blimtly  rounded.  Length  about  2.2  centi- 
meters. Maximum  width  about  8  millimeters, 
in  the  basal  half  of  the  leaflets.  Margins  entire, 
regularly  and  full  curved.  Texture  coriaceous. 
Midrib   stout,   prominent.     Secondaries   thin, 

»  Heer,  Oswald,  Flora  tertiaria  Helvetiee,  vol.  3,  p.  101,  pi.  133,  figs. 
1-3, 1859. 
•  Idem,  p.  117,  pi.  136,  figs.  23-52. 


about  10  pairs,  branching  from  the  midrib  at 
angles  of  about  45*^,  curving  upward,  campto- 
drome, more  or  less  merging  with  the  fine  but 
distinct  tertiary  areolation. 

This  species  closely  resembles  the  larger 
leaflets  of  Csesalpinia  wilcoxian/i  Berry,  but  is 
narrowed  upward  and  also  unlike  that  species 
in  the  absence  of  a  petiolule.  It  may  be  com- 
pared with  a  number  of  very  similar  fossil  and 
existing  species  of  Acacia,  Csesalpinia,  Mimosa, 
and  allied  genera. 

Occurrence. — Holly  Springs  sand,  Holly 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

CoUection. — U.  S.  National  Museum. 

C^SALPixrrEs  (Pabkinsonia  ?)  aculeatafolia 

Berry,  n.  sp. 

Plate  L,  figure  15. 

Description. — Leaflets  small,  equilateral,  and 
sessile  or  minutely  petiolulate,  obovate-lance- 
olate  in  outline,  the  apex  broadly  rounded  and 
the  base  somewhat  narrowed  and  pointed. 
Length  5  or  6  millimeters.  Maximum  width 
about  2.5  to  3  millimeters,  above  the  middle. 
Margins  entire.  Texture  subcoriaceous.  Mid- 
rib relatively  stout,  curved,  prominent  on  the 
imder  side  of  the  leaflet.  Secondaries  for  the 
most  part  merged  with  the  tertiary  areolation 
and  indistinguishable  from  it.  Two  or  three 
pairs  of  secondaries  stand  out  slightly  as 
ascending,  gently  curved,  and  camptodrome. 

This  species  is  the  smallest  form  thus  far 
known  from  the  Wilcox  flora  and  is  clearly  dis- 
tinct from  the  associated  species  of  Ceesal- 
piniaceae  or  Mimosaceee.  Tliough  much  smaller 
and  relatively  shorter  and  broader,  it  suggests 
Mimosites  spatulatus  Berry  of  the  overlying 
Claiborne  group.  Among  Recent  forms  it 
suggests  the  leaflets  of  Parkinsonia,  especially 
ParJcinsonia  aculeata  Linn6,  the  so-called  horse 
bean,  so  widely  planted  throughout  the  West 
Indies  and  other  tropical  countries  and  in- 
digenous in  low  moist  spots  from  the  lower  Rio 
Grande  to  Lower  California. 

The  genus  Parkinsonia  contains  only  three 
or  four  existing  species  in  the  warmer  parts  of 
North  America  and  South  Africa.  I  am  only 
acquainted  with  one  fossil  form,  Parkinsonia 
recta  Laurent'  from  the  Tongrian  of  France. 
The  leaflets  of  that  species  are  very  similar 

<  Laurent,  Louis,  Flore  des  calcaires  de  C^las,  p.  140,  pi.  14,  figs.  1^21, 
1899. 
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to  those  of  Caesalpinites  (Parkinsonia?)  acu- 
leatafolia  and  are  authenticated  by  their  asso- 
ciation  with  the  characteristic  seeds  and  torose 
pods.  No  such  certainty  exists  regarding  the 
Wilcox  form,  which  may  be  only  a  small  obo- 
vate  form  of  Caesalpinites.  Forms  from  the 
European  Oligocene  and  Miocene  referred  to 
the  genus  Edwardsia  Salisbury,  of  the  Papili- 
onaceae  (Sophoreae),  recent  species  of  which  in- 
habit New  Zealand  and  South  America,  are  not 
unlike  the  present  species.  This  is  especially 
true  of  Edwardsia  parvifolia  Heer  ^  from  the 
Aquitanian  of  Switzerland.  Another  similar 
fossil  form  is  one  from  the  Tertiary  of  Bolivia, 
described  by  Engelhardt  ^  as  Hedysarum  holivi- 
anum  (Papilionaceae)  and  compared  with  the 
existing  Hedysarum  faXcatum  De  CandoUe,  a 
species  ranging  from  Mexico  through  Central 
America  to  Brazil  and  Peru. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Temi. 
(collected  by  E.  W.  Berry.) 

Collection, — ^U.  S.  National  Museimi. 

Genus  GLEDITSIOPHYLLUM  Berry. 

Gleditsiophytxxtm  eocenicum  Berry,  n.  sp. 

Plate  XLVI,  figures  1-7. 

Description, — Leaves  compoimd,  odd-pin- 
nate, thereby  differing  from  the  modem  spe- 
cies of  Gleditsia.  Petiole  rather  stout,  slightly 
enlarged  proximad,  about  3  centimeters  ixx 
length,  without  a  petiolar  gland.  Leaflets 
subopposite  to  alternate,  1.5  to  2.5  centimeters 
apart,  differing  in  size,  ovate-lanceolate  to 
lanceolate  in  outline,  more  or  less  inequilateral, 
the  apex  bluntly  pointed  or  more  or  less 
rounded  and  the  base  pointed  and  more  or  less 
inequilateral.  The  arrangement  is  opposite  to 
alternate,  as  in  Gleditsia.  Terminal  leaflet  does 
not  differ  from  the  lateral  leaflets  except  that 
it  is  slightly  larger  in  many  specimens.  Length 
ranges  from  3.5  to  6.35  centimeters  and  aver- 
ages  about  4.5  to  5  centimeters.  Maximum 
width,  which  is  below  the  middle,  ranges  from ' 
7  to  13.5  miQimeters  and  averages  about  8 
millimeters.  Margins  entire,  but  minutely  un- 
dulate in  some  specimens.  Leaf  substance  con- 
sistent,   comparable    with    that    of    Gleditsia 

1  Heer,  Oswald,  Flora  tertiorla  Helvetia,  vol.  3,  p.  107,  pi.  133,  flg.  41, 
1869. 

s  Engelhardt,  Hermann,  Naturwlss.  Q«seLl.  Isis  in  Dresden  Abh., 
1S94,  p.  7,  pi.  1,  figs.  62,  63. 


triacaniJios  Linnfi.  Leaflets  petiolulate.  Petio- 
lules  stout,  recurved,  about  2  millimeters  in 
length,  roticidately  wrinkled,  as  in  modem 
forms.  Midribs  stout,  somewhat  curved,  prom- 
inent on  the  lower  surface  of  the  leaflet.  Sec- 
ondaries generally  9  or  10  subopposite  pairs, 
tliin  but  distinct.  They  branch  from  the  mid- 
rib at  angles  of  about  45°,  curving  upward, 
camptodrome.  Tertiary  venation  nearly  as 
prominent  as  the  secondary.  It  consists  of 
branches  from  the  midrib  that  parallel  the  sec- 
ondaries and  help  to  form  the  internal  polygo- 
nal meshes  and  marginal  branches  which  arch 
in  that  region. 

This  species,  which  ranges  from  about  the 
middle  to  the  top  of  the  Wilcox,  shows  a  con- 
siderable diversity  in  the  size  and  outline  of 
its  leaflets,  which  are  not,  however,  as  dissimi- 
lar in  this  respect  as  the  leaflets  on  a  single  leaf 
of  the  existing  Gleditsia  tri/icanthos.     Some  of 
the  leaves  of  GleditsiophjUum  eocenicum  are  de- 
cidedly inequilateral,    the  base   being  nearly 
straight  and  narrowly  cimeate  on  one  side  of 
the  midrib  and  broad  and  fully  rounded  on  the 
other  side.     Some  of  the  leaflets  are  narrow 
and  somewhat  falcate,  with  pointed  tips,  and 
others  are  broad,  with  rounded  tips.     Narrow 
leaflets  may  have  rounded  tips  and  broad  leaf- 
lets pointed  tips.     Most  of  these  variations  are 
shown  in  the  specimens  figured,  in  several  of 
which  the  leaflets  are  still  attached  to  the  leaf 
stalk.     The  species  is  well  characterized,  how- 
ever, the  sharply  impressed  thin  venation  being 
suflScient  for  its   identification.     It  is   repre— 
sented  by  an  abundance  of  material,  which  in- 
many  respects  is  very  similar  to  modem  spe- 
cies of  Gleditsia.     Naturally  it  resembles  nu- 
merous aUied  modem  genera  with  this  type  oC 
fohage,  and  there  are  numerous  allied  fossil 
forms  with  which  it  may  be  compared.     It  dif- 
fers from  Gleditsia  in  its  odd-pinnate  character^ 
which  is  also  a  feature  that  serves  to  distinguisti 
it  from  Cassia,  as  does  also  the  absence  of  ^ 
petiolar  gland. 

Gleditsia phyUum  eocenicum  bears  a  genoraJ 
resemblance  to  the  genus  Podogonium,^  sev- 
eral species  of  which  are  so  common  in  the  lato  J* 
Tertiary  of  Europe  and  also  present  in  Nortli 
America.  Podogonium  generally  has,  ho>\'"- 
ever,  a  broadly  rounded  apex  and  inequilaterukl 

*IIeer,  Oswald,  op.  cit.,  p.  113. 
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venation  in  the  basal  region  of  its  leaflets. 
Saporta  ^  figures  a  leaf  from  the  lower  Oligo- 
cene  of  southern  France,  which  he  refers  to  the 
larger-leafed  species  Diospyros  varians,  a  form 
almost  identical  in  size,  outline,  and  venation 
with  the  species  under  discussion.     • 

I  established  the  genus  Gleditsiophyllum  * 
for  an  Upper  Cretaceous  species  of  Ceesalpinia- 
cesB  from  the  Coastal  Plain  of  North  Carolina, 
which  is  much  like  the  present  species,  espe- 
cially the  larger-leafed  forms.  It  may  bear  an 
ancestral  relationship  to  this  lower  Eocene 
form  which  is  so  exceedingly  common  at  the 
Puryear  locality. 

The  most  similar  fossil  forms  are  the  abun- 
dant leaves  from  the  Oligocene  of  Haering  in 
the  Tyrol  described  by  Ettingshausen  as  Cassia 
zephyri '  and  Cassia  psevdoglandulosa*  Cassia 
pseudoglandvlosa  in  particular  is  extremely 
close  to  this  American  Eocene  species. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Beds  of  Wilcox  age, 
Calaveras  Creek,  Wilson  County,  Tex.  (col- 
lected by  ^Uexander  Deussen) ;  1 J  miles  north- 
east of  Mansfield,  Dc  Soto  Parish,  La.  (collected 
by  G.  C.  Matson  and  O.  B.  Hopkins).  Lagrange 
formation  (in  beds  of  Wilcox  age),  Puryear, 
Henry  County,  Tenn.  (collected  by  E.  W. 
Berry) . 

CoUedidns. — U.  S.  National  Museum. 

GLEDrrsioPHYLLUM  ovATUM  Berry,  n.  sp. 

Plate  LI,  figure  1. 

Description, — Leaflets  small,  ovate  in  general 
outline,  the  tip  broadly  rounded  and  the  base 
narrowly  cuneate.  Length  about  1.5  centi- 
meters. Maximum  width,  midway  between 
the  apex  and  the  base,  about  6  millimeters. 
Margins  entire.  Texture  subcoriacoous.  Peti- 
olule  not  preserved.  Midrib  stout  throughout, 
curved,  not  especially  prominent,  secondaries 
thin,  ascending,  scarcely  differentiated  from 
the  tertiaries,  dictyodrome. 

This  small  form  is  distinct  from  those  forms 
of  similar  outline  referred  to  Mimositcs,  Caesal- 
pinia,  and  Caesalpinites.  It  suggests  Dalber- 
gia,  but  because  of  its  uncertain  generic  rela- 
tionship it  is  referred  to  the  form  genus  Gledit- 

iSaporta,  O.  de,  ifetudes  de  la  vdg<^tation  du  s^-est  de  la  France  k 
r^que  t«rtiairei  vol.  2,  p.  107,  pi.  fi,  flg.  4,  ISHfi. 

«  Berry,  E.  W.,  Tonrey  Dot.  Club  Biall.,  vol.  37,  p.  197, 1910. 

'Ettingshausen,  C.  von,  Die  tertiiire  Flora  von  BSixing  in  Tirol,  p.  90, 
pi.  30,  figs.  1-8, 1855. 

<Idem,  p.  89,  pi.  29,  figs.  48-55. 


siophyllum,  with  the  other  forms  of  which  its 
venation  is  practically  identical.  It  is  rare 
and  may  represent  an  abnormal  leaf  of  OledU- 
siophyllum  eocenicum  Berry. 

Occurrence. — Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry) . 

Collection. — U.  S.  National  Museum. 

Gleditsiophyllum  constrictum  Berry,  n.  sp. 

Plate  LI,  figure  4. 

Description. — Leaflets  oblong-lanceolate  in 
general  outline,  the  tip  bluntly  pointed  and 
the  base  cuneate,  constricted  to  the  midrib  in 
the  apical  region  to  form  an  oblong  basal  por- 
tion 2.5  centimeters  long  and  8  millimeters  in 
maximum  width  m  the  middle.  Both  apical 
and  basal  portions  are  slightly  inequilateral. 
Margins  entire,  regularly  curved.  Texture 
subcoriaceous.  Petiolule  not  preserved.  Mid- 
rib curved,  stout.  Secondaries  numerous,  thin, 
ascending,  curved,  dictyodrome,  scarcely  dif- 
ferentiated from  the  tertiary  areolation. 

The  general  character  of  these  leaflets  allies 
them  with  GleditsiophyUum  eocenicum,  and 
their  rarity  at  a  locality  where  that  species  is 
very  abundant  lends  some  ground  to  the  theory 
that  they  represent  abnormal  leaflets  of  eoceni- 
cum. As  this  theory  is  incapable  of  verifica- 
tion, they  are  given  a  specific  namd  in  allusion 
to  the  constriction  that  divides  the  lamina 
into  a  small  distal  and  a  larger  proximal  seg- 
ment, a  character  which  serves  at  once  to 
distinguish  the  present  from  all  the  other 
forms  of  leguminous  leaflets  found  in  the 
Wilcox. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

GLEDrrsioPHYLLUM  ELLiPTicuM  Berry,  n.  sp. 

Plate  LI,  figures  2  and  3. 

Description. — ^Leaflets  small,  somewhat  irreg- 
ularly elliptical  in  general  outline,  widest  at  the 
middle,  and  about  equally  rounded  at  the 
apex  and  base.  Length  about  6.5  millimeters. 
Maximum  width  about  5  millimeters.  Margins 
entire,  regularly  rounded.  Texture  relatively 
subcoriaceous  for  so  small  a  form.  Petiolule  long 
and  stout,  curved,  about  4  millimeters  in  length. 
Midrib  stout,  straight,  and  prominent.    Second- 
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axics  very  thin,  scarcely  differentiated  from  ter- 
tiaries,  and  more  or  less  obsolete  by  immersion. 

This  apparently  rare  species  is  of  uncertain 
generic  affiliation  and  it  is  therefore  referred  to 
the  form  genus  Gleditsiophyllum.  It  may  be 
distinguished  at  once  from  the  other  species 
referred  to  this  genus  by  its  relative  shortness 
and  from  all  the  Wilcox  forms  in  this  genus  or 
other  leguminous  genera  by  the  relatively  long 
petiolule. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Gleditsiophyllum  minor  Berry,  n.  sp. 

Plate  LI,  figures  5  and  6. 

Description. — Leaflets  very  small,  lanceolate 
in  general  outline,  tapering  from  about  the  mid- 
dle and  equally  pointed  at  both  ends,  petiolu- 
late.  Length  about  1.75  centimeters.  Maxi- 
mum width,  in  the  middle  part  of  the  leaflet, 
about  3  millimeters.  Margins  entire.  Tex- 
ture coriaceous.  Petiolule  stout,  relatively 
elongated,  about  2.5  mUlimeters  in  length. 
Midrib  relatively  stout  and  prominent,  straight. 
Secondaries  scarcely  differentiated  from  the 
tortiaries,  thin,  few  in  number,  diverging  from 
the  midrib  at  acute  angles,  curved,  ascending 
subparaUel  with  the  lateral  margins  for  long  dis- 
tances, camptodrome.  Tertiaries  thin,  form- 
ing fine  meshes. 

This  tiny-leafed  species  is  closely  allied  to 
OleditsiophyUum  eocenicum  Berry.  It  is  much 
less  abundant  and  differs  in  its  much  smaller 
size,  being  only  half  as  large  as  the  smallest 
known  leaflet  of  that  species.  It  also  differs  in 
its  equilateral  form  and  in  being  widest  medi- 
anly  instead  of  in  the  lower  half  of  the  leaflet; 
in  its  relatively  more  coriaceous  texture; 
longer  petiolule;  and  in  its  less  numerous,  less 
differentiated,  and  more  ascending  secondaries. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Gleditsiophylll^mhilgardianlij  Berry,  n.  sp. 

Plate  LI,  figure  9. 

Description. — Pods  short,  wide,  and  flat. 
About   6.5   centimeters  in   length   by  about 


2  centimeters  in  maximum  width.  Both  ends 
bluntly  pointed.  Venation  thin,  oblique,  and 
anastomosing.  Substance  thin  and  wrinkled, 
having  a  septate  appearance  between  the 
seeds.  Seeds  numerous,  relatively  small  for 
the  size  of  the  pod,  orbicular,  lenticular. 

It  is  obviously  futile  to  endeavor  to  deter- 
mine the  botanic  affinity  of  this  pod,  which  is 
clearly  referable  to  the  Leguminosae  and  as 
clearly  dis'tinct  from  the  other  forms  of  pods 
described  from  the  Wilcox  group.  It  is  there- 
fore referred  to  the  form  genus  Gleditsiophyl- 
lum and  named  hi  honor  of  E.  W.  Hilgard,  who 
discovered  this  fossiliferous  locality  more  than 
half  a  century  ago. 

Occurrence. — ^Ackerman  formation,  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  N.  Lowe  and 
E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Gleditsiophyllum  fructuosum  Berry,  n.  sp, 

Plate  LI,  figure  7. 

Description. — Indehiscen  t ,  many  seeded ,  non- 
septate,  flat  pods  of  large  size.  Outline  oblong 
linear  and  ends  bluntly  rounded.  The  base  is 
missing,  but  was  probably  somewhat  more 
pouited  than  the  apex.  Texture  coriaceous 
but  not  ligneous,  showing  no  veins.  Length 
probably  variable,  as  in  the  modem  Glediisia 
triacantJios.  The  specimens  do  not  show  their 
whole  length,  owing  to  the  jointing  of  the  clay 
and  not  to  the  breaking  of  the  pods  before  fos- 
silization.  Estimated  length,  10  to  15  cen- 
timeters. Width  2.25  to  2.50  centimeters. 
The  margins  are  approximately  straight  and 
parallel  and  are  not  appreciably  thickened. 
Seeds  lenticular,  obovate,  1.5  to  2  centimeters 
long  and  about  1  centimeter  wide. 

This  species  strongly  suggests  the  variable 
pods  of  our  common  honey  locust,  Oleditsia  iri- 
acanthos  Linn6,  but  it  can  not  be  correlated 
with  certainty  with  this  genus,  since  it  is 
equally  close  to  the  pods  of  several  more  or 
loss  closely  related  genera,  and  a  number  of 
fossil  pods  of  similar  characters  have  been  re- 
ferred to  Acacia,  for  example,  Acdciu  micro- 
phylla  Unger  *  from  Sotzka,  Styria,  which  is 

1  Unger,  Frans,  Die  fossile  Flora  von  SotikSy  p.  fiO,  pi.  46,  figs.  11, 12, 
1850. 
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very  similar  except  for  its  smaller  seeds;  6le-  ful  species,  Entada  dvMa,^  from  the  Ypresian  of 

ditsia  wesseli  Weber/   from   the  Miocene   of  the  Paris  Basin,  which  is  even  smaller  than  the 

Switzerland    and   Germany,    which    also   has  present  Wilcox  species. 

smaller    seeds;  Acacia    hrongniarti    Watelet,'  Occurrence, — ^Holly     Springs     sand,     Holly 

from  the  Ypresian  of  the  Paris  Basin,  which  is  Springs,  Marshall  County,  Miss,  (collected  by 

similar  in  size  and  form  and  in  the  size  of  the  E.  W.  Berry). 

seeds,  but  has  more  pointed  ends.  Collection. — ^U.  S.  National  Museum. 

Oleditsiophyllum  fructuosum  is  not  abimdant  .,  _  _      

J    .          ,      ,          -^    -           ..                IT*        i.  Family  PAPHJONACEA. 

and  is  only  known  from  the  one  locauty  at 

Holly  Springs,  Miss.,  where  such  a  variety  of  ^*»^  SOPHORA  LfanC. 

pods  have  been  collected.     It  is  referred  to  the  Leaflets  inequilateral,  bluntly  pointed  at  both   ends. 

form  genus  GleditsiophyUum  rather  than  to       petiolulate. . ,, . . .       Sopkora  pala^olobifolia. 

J                          r      n  J.     A         •i.j         ^1  Leaflets  elliptical,  approximately  equilateral: 

any  modem  genus.     Leaflets  described  as  OU-  Sessile,  emarginkte  at  apex  and  base. 

ditswphyUum  eocemcum  Berry  are  very  abun-  Sophora  henryerms. 

dant  in  the  deposits  of  Wilcox  age,  at  Puryear,  Slightly  emarginate  apex,  pointed  base,  long  petiolu- 

Tenn.,  but  none  of  these  have  been  found  in  late Sophora  leaquereuxi. 

association  with  these  pods.  Rounded  at  both  ends,  oblong-elliptical. 

Occurrence.— HoUj     Springs     sand.     Holly  «        ^,                 '               Sophora  wikoxiana, 

^     ,           «-.      ^    It  r^       .-»?        /ii.ii  Somewhat  narrowed  apex,repand.oop/wrarepa7kii/o«a. 

Springs,  MarahaU  County,  Miss.  (ooUeoted  by  Conapicuouriy  mucronate Sophom  mucromita. 

E.  W.  Berry) .  Ovate-elliptical,  pointed Sophora  puryearerms. 

Collection. — ^U.  S.  National  Museum. 

Sophora  wilcoxiana  Berry,  n.  sp. 

Gledixsiofhyxlum  ENTADAFORMis  Berry ,  n. sp.  ™  ^  vr^rrr  ^        ,  ^o 

•^ '        ^  Plate  XL VII,  figures  1-13. 

Plate  LIV,  figure  5.  r^        •  ^»           t                 •        ^            i-«       ^     ^ 

Description. — ^Leaves  pinnate,  racnis  stout. 
Description. — Indehisoent  pods  of  large  size,  and  leaflets  opposite  at  intervals  of  about  1.5 
oblong-elliptical  in  outline,  of  a  leathery  or  lig-  centimeters.  Leaflets  differ  greatly  in  size, 
neous  consistency,  several-seeded.  Apex  ine-  elliptical,  and  nearly  equilateral  in  outline. 
quilateraUy  and  blimtly  pointed.  Base  miss-  The  apex  is  broadly  roimded,  and  the  base  is 
ing.  Seeds  large,  orbicular,  lenticular.  Length  broadly  roimded,  or  in  some  specimens  broadly 
unknown.  Width  about  3  centimeters.  Mar-  cimeate  and  slightly  inequilateral.  Length 
gins  nearly  parallel,  slightly  constricted  be-  ranges  from  2  to  6  centimeters,  averaging  be- 
tween the  seeds.  The  single  specimen  shows  tween  3  and  4  centimeters.  Maximum  width, 
traces  of  partitions  between  the  seeds  and  very  which  is  about  midway  between  the  apex  and 
strongly  suggests  a  relationship  with  the  genus  the  base,  ranges  from  8  millimeters  to  2.5  centi- 
Entada  Adanson  (often  and  perhaps  more  prop-  meters,  averaging  about  1 .75  centimeters.  Mar- 
erly  named  Lens,  a  name  proposed  by  Stickman  gins  entire,  f  uU,  and  generally  almost  evenly 
in  1 754) ,  which  in  the  existing  flora  has  several  rounded.  Apex  broadly  rounded  and  generally 
species  known  as  sea  beans  or  snuffbox  sea  equilateral;  in  some  specimens  almost  trun- 
beans  in  the  strand  flora  of  tropical  America  cate,  in  others  narrowed  somewhat  and  slightly 
and  Asia.  They  are  distributed  by  ocean  cur-  inequilateral,  with  a  tiny  mucronate  point, 
rents.  Fossil  species  are  rare.  Unger  de-  Base  as  a  rule  broadly  rounded,  but  like  the 
scribed  two  species  many  years  ago,  Entada  apex  ranging  from  broadly  pointed,  through 
polyphemi,^  from  Sotzka  in  Styria,  and  Entada  narrowly  roimded,  to  broad  and  truncate  forms; 
primogenita,^  from  Radoboj  in  Croatia.  En-  some  specimens  not  perceptibly  inequilateral 
tada  primogenita  shows  considerable  resem-  but  others  distinctly  so.  Petiolules  very  small 
blance  to  the  present  species  but  has  smaller  and  thickened.  Midrib  very  stout  and  straight, 
seeds.  Watelet  described  a  somewhat  doubt-  prominent  on  the  lower  surface  of  the  leaflet, 
"TZ     TZTTTT;     *-^«  -*  TT I  *.       n     7Z    ,  „,  «  f  oiming  a  small  mucronate  point  at  the  apex  of 

1  Heer,  Oswald,  Flora  tertiaria  HelvetisB,  vol.  3,  p.  108,  pi.  133,  figs.  ^      t      ^       ^            i.                             -i         i-i 

55-^.  1859.  the  leaf.    Secondaries  seven  or  eight,  thin,  sub- 

o^^fSf^i  ^•\^'^*'°"  ^"^  ^^"^"^  ^"^^^"^  ^"  ^^  ^*  ^"^'  ^'  opposite  to  alternate  pairs,  branching  from  the 

248,  pi.  60,  figs.  1-3, 1866.  ji        ^            i           t     'C       ^Atzo            lU^l 

s  Unger,  Frazu,  Byiioge  pioatarum  (ossJUum,  vol.  2,  p.  30,  pi.  11,  fig.  23,  midrib  at  angles  01  aoout  45    or  siigutly  morc, 

1862.  

<  Idem,  pi.  11,  fig.  22.  s  Watelet,  A.,  op.  cit. ,  p.  245,  pi.  60,  fig.  5. 

* 
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rather  straight  at  first  and  then  ourvmg  up- 
ward, camptodrome.    Texture  ooriaoeous. 

This  fine  species  is  indisputably  allied  to 
Sophora  in  all  of  its  oharaoters.  It  is  very- 
abundant  in  Henry  County,  Tenn,,  and  though 
decidedly  variable  in  size  preserves  its  essential 
characters  with  remarkable  uniformity  and  is 
readily  distinguishable  from  associated  forms 
by  its  texture  alone.  The  leaflets  have  almost 
invariably  been  found  detached,  but  in  several 
specimens  they  lie  side  by  side  in  the  days  in  a 
manner  indicating  their  pinnate  arrangement 
along  the  petiole  of  a  compound  leaf,  and  in  one 
specimen  several  aie  attachsd  to  the  rachis. 
They  average  larger  and  are  narrower  than 
most  of  the  other  Wilcox  species  of  Sophora. 
The  smallest  specimens  resemble  somewhat  the 
larger  leaflets  of  Caesalpinia  vnlcoxiana  Berry, 
which  have,  however,  a  lelatively  long  petio- 
lule.  They  also  resemble  those  from  the  Ter- 
tiary of  Bolivia  described  by  Engelhardt  *  as 
Dalbergia  chartdcea.  They  avexage  about  the 
same  size  and  have  the  same  outline  as  the 
leaflets  of  Cdssia  wilcoxiana  Berry,  but  are  more 
coriaceous  in  texture  and  have  more  numerous 
and  straighter  secondaries  and  in  general  a 
more  perfectly  elliptical  form.  The  mucronate 
point  at  the  apex  of  the  midrib  serves  to  readily 
distinguish  them  from  associated  forms. 

Sophora  vnlcoxiana  may  rightfully  be  con- 
sidered to  be  the  ancestral  form  of  a  closely 
allied  species,  Sophora  claibomiana  Berry,  of 
the  middle  Eocene  of  the  Mississippi  embay- 
ment  region,  which  is  almost  identical  with 
the  smaller  leaflets  of  Sophora  wilcoxiana.  In 
general,  however,  Sophora  wilcoxiana  averages 
very  much  larger  and  wider  and  has  a  more 
prominent  venation  and  a  mucronate  tip. 

There  are  about  25  existing  species  of  shrubs 
and  small  trees  referred  to  the  genus  Sophora, 
which  are  scattered  over  the  warmer  parts  of 
both  hemispheres  and  are  found  on  all  tropical 
seashores.  Two  arborescent  forms  occur  along 
our  western  Gulf  coast  where  they  show  a  pref- 
erence for  moist  calcareous  soils  along  streams. 
One  of  these  Texan  species,  Sophora  secundi- 
jlora  De  Candolle,  the  coral  bean,  has  leaflets 
very  similar  to  those  of  Sophora  wilcoxiana. 
Other  existing  species  are  likewise  very  similar 
to  this  species,  as  for  example  Sophora  tomen- 
tosa   Linn6,    a   cosmopohtan    tropical   strand 

1  Engelhardt,  Hermaim,  Naturwlss.  Gesell.  Isis  in  Dresden  Abh.,1894, 
p.  8,  pi.  1,  fig.  25. 


plant.  The  dry  pods  float  for  a  week  or  two 
and  then  decay,  liberating  the  buoyant  seeds, 
which  float  uninjured  for  several  months,  ac- 
cording to  the  experimental  evidence  of  both 
Schimper  and  Guppy.* 

The  genus  is  well  represented  in  European 
Tertiary  floras  from  the  Eocene  to  the  Phocene 
but  has  not  been  previously  recognized  in 
North  America,  somewhat  similar  leaves  from 
our  western  Tertiaries  being  usually  referred 
to  the  genus  Quercus.  Among  the  described 
fossil  forms  Sophora  wilcoxiana  greatly  resem- 
bles Sophora  europsea,  which  was  compared  by 
Unger,  its  original  describer,  with  the  existing 
Sophora  tomentosa  Linn6.  Sophora  europaea 
has  been  identified  by  numerous  students  at 
a  large  number  of  European  locaUties.  It  is 
a  later  form,  extending  from  the  Oligocene 
through  the  Miocene.  It  is  exceedingly  vari- 
able and  is  more  like  the  Wilcox  species  So- 
phora henryensis  Berry,  only  the  more  elongate 
leaflets  are  Uke  the  present  species,  and  then 
they  are  usually  more  inequilateral.*  Plate 
XLVII  well  illustrates  the  character  and  varia- 
tions of  Sophora  wilcoxiana. 

Occurrence. — Wilcox  group,  Atchison  clay 
pit,  Perla,  near  Malvern,  Hot  Spring  County, 
Ark.  (SW.  i  sec.  24,  T.  4  S.,  R.  17  W.)  (col- 
lected by  R.  E.  Call  m  1891);  Bolivar  Creek, 
3i  miles  north  of  Hanisburg,  Poinsett  County, 
Ark.(?)  (collected  by  L.  W.  Stephenson); 
and  2}  miles  southeast  of  Naborton,  De  Soto 
Parish,  La.  (collected  by  G.  C.  Matson  and 
O.  B.  Hopkins).  Holly  Springs  sand,  Holly 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry).  Grenada  formation,  Grenada, 
Grenada  Coxmty,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Lagrange  forma- 
tion (in  beds  of  Wilcox  age),  Puryear,  Henry 
County,  Tenn.  (very  common)  (collected  by 
E.  W.  Berry),  and  IJ  miles  west  of  Grand 
Junction,  in  Fayette  County,  Tenn.  (collected 
by  L.  C.  Glenn). 

Collections. — U.  S.  National  Museum. 

Sophora  furyearensis  Berry,  n.  sp. 

Plates  LII,  figure  3,  and  CIX,  figure  3. 

Description. — Leaflets  ovate  or  elliptical  and 
somewhat  inequilateral  in  general  outline, 
broadly  rounded  at  the  base,  narrowing  for  their 

«  Ouppy,  H,  B.,  Observations  of  a  naturalist  in  the  Fadflc,  toI.  2, 
Plant  dispersal,  pp.  147, 679, 1906. 
>  Unger,  Franz,  Die  fossfle  Flora  von  Sotska,  p.  57,  pi.  42,  flgs.  1  -5.  l^V). 
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upper  third  to  an  ultimately  blunt  point.  Length 
ranges  from  3.75  to  6.5  centimeters.  Maxi- 
mum width,  midway  between  the  apex  and  the 
base,  about  1.75  to  2.25  centimeters.  Margins 
entire,  slightly  revolute.  Texture  subcori- 
aceous.  Petiolule  rather  stout,  curved,  about 
4  millimeters  in  length.  Midrib  stout,  promi- 
nent. Secondaries  stout  but  more  or  less 
immersed  in  the  leaf  substance;  about  six  to 
eight  irregularly  spaced  pairs  diverge  from  the 
midrib  at  angles  of  about  55°  or  more,  curve 
regularly  and  are  camptodrome  some  distance 
from  the  margins.     Tertiaries  obsolete. 

This  species,  which  apparently  is  rare,  is 
well  differentiated  among  the  rather  numerous 
species  referred  to  Sophora  in  the  Wilcox  flora. 
It  may  be  compared  with  several  existing  spe- 
cies in  Sophora  and  allied  genera. 

Occurrence, — Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

CoUection. — U.  S.  National  Museum. 

Sophora  henryensis  Berry,  n.  sp. 

Plate  LII,  figure  2. 

Description. — Leaflets  short  and  broadly  el- 
liptical in  outline,  the  apex  and  base  broadly 
rounded  slightly  emarginate,  sessile.  Length 
about  2.75  centimeters.  Maximum  width, 
which  is  halfway  between  the  apex  and  the 
base,  about  1.75  centimeters.  Margins  entire 
and  full.  Texture  coriaceous.  Midrib  stout 
and  somewhat  flexuous,  relatively  slender  as 
compared  with  Sophora  wilcoxiana  Berry  or 
Sophora  palseolohifolia  Berry.  Secondaries  five 
to  seven  pairs,  thin  but  distinct,  somewhat 
irregularly  spaced,  branching  from  the  midrib 
at  angles  of  about  60°,  rather  straight,  ulti- 
mately curved,  and  camptodrome.  Tertiaries 
forming  small  arches  in  the  marginal  region  and 
internally  four  or  five  sided,  small  meshes. 

This  species  is  very  similar  to  some  of  the 
shorter  and  wider  forms  of  Sophora  vnlcoxiana 
Berry,  but  is  readily  distinguished  by  its  sessile 
habit,  emarginate  apex  and  base,  thinner  mid- 
rib, and  more  prominent  tertiary  venation.  It 
may  be  distinguished  from  Sophora  palseolohi- 
folia Berry  by  its  equilateral  form  and  sessile 
habit.  It  greatly  resembles  some  of  the  va- 
riants of  Sophora  europsea  Unger,  for  example, 
the   leaflet   figured   by   Ettingshausen  *   from 

1  Ettingshausen,  C.  von,  Die  terti&e  Flora  von  Hiring  in  Tirol,  pi.  29, 
fig.  20, 1866. 


Haering  in  the  Tyrol.  It  is  represented  by  a 
very  similar  but  slightly  larger  species  in  the 
flora  of  the  Raton  formation  in  the  southern 
Rocky  Mountain  province,  a  formation  slightly 
older  than  the  Wilcox. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry) . 

Collection. — U.  S.  National  Museum. 

Sophora  paleolobifolia  Berry,  n.  sp. 

Plate  LII,  figure  1. 

Description. — Leaflets  elliptical  in  outline, 
markedly  inequilateral,  slightly  petiolulate, 
relatively  small,  about  2.5  to  3  centimeters  in 
length  by  1.3  centimeters  in  maximum  width, 
in  the  middle  part  of  the  leaf.  Margins  entire. 
Texture  subcoriaceous.  Apex  bluntly  pointed, 
inequilateral.  Base  equally  pointed  and  ine- 
quilateral. Petiolule  stout,  about  1  millimeter 
in  length.  Midrib  stout,  prominent,  and 
usually  shghtly  curved.  Secondaries  thin,  5  to 
7  alternate  pairs,  branching  from  the  midrib  at 
angles  of  about  55°  and  curving  regularly  up- 
ward, camptodrome. 

This  species  is  readily  distinguished  from  the 
other  Wilcox  species  of  Sophora  by  its  size  and 
outline.  It  resembles  somewhat  the  leaflets  of 
the  contemporaneous  species  of  Pithecolobium. 
It  may  be  distinguished  from  Pithecolohium 
eocenicum  Berry  by  the  larger  size,  more 
rounded  apex,  and  by  the  stouter,  more  curved 
midrib  of  that  species;  and  from  Pithecolohium 
oxfordensis  Berry  by  the  very  asymmetric 
leaflets  of  that  species  and  their  more  coria- 
ceous texture  and  obsolete  venation.  It  also 
greatly  resembles  some  of  the  leaflets  from 
Haering  in  the  Tyrol,  which  Ettingshausen' 
refers  to  the  genus  Palseolobium,  which  has 
suggested  the  specific  name  that  has  been 
adopted.  It  may  also  be  compared  with  the 
leaflets  of  the  widespread  Sophora  europaea, 
figured  from  Radoboj  in  Croatia  by  Unger,' 
and  with  a  form  from  the  Tertiary  of  Bolivia 
described  by  Engelhardt*  as  Lonchocarpua 
ohtusifolius. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  li  miles  west  of  Grand  Junction, 

sidem,  figs.  10-19. 

•  Ungeor,  FniM,  Die  fossile  Flora  von  Radoboj,  pi.  3,  fig.  18, 1860. 
« Engelhard t,  Hermann,  Natarwiss.  Gesell.  Isls  in  Dresden  Abh.,  1894, 
p.  7,  pi.  1,  fig.  22. 
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in  Fayette  County,  Tenn.  (collected  by  L.  C. 
Glenn  and  E.  W.  Berry) . 

Collection. — ^U.  S.  National  Museum. 

SOPHORA  REPANDIFOLIA  BciTy,  U.  sp. 
Plate  XLVIII,  figures  6  and  7. 

Description. — LealBets  of  different  sizes,  ellip- 
tical in  general  outline,  the  base  broadly 
rounded,  and  the  apex  somewhat  narrowed  and 
rounded.  Length  ranges  from  4  to  8  centi- 
meters. Maximum  width,  at  or  below  the 
middle,  ranges  from  2.6  to  3.5  centimeters. 
Petiolule  short  and  wide,  spreading  at  the 
point  of  attachment,  about  1  to  2  miUimeters 
in  length.  Midrib  stout  and  prominent.  Sec- 
ondaries thin,  9  or  10  opposite  to  alternate 
unequally  spaced  pairs,  diverging  from  the 
midrib  at  angles  of  about  SO*',  curving  regularly 
upward,  subparallel,  camptodrome.  Tertiaries 
obsolete.    Leaf  substance  subcoriaceous. 

This  species  may  be  distinguished  at  once  by 
its  repand  margins.  It  is  larger  than  any  of 
the  other  Wilcox  species  of  Sophora,  although 
the  larger  leaflets  of  Sophora  wilcoxiana  Berry 
are  as  lai^e  as  the  smaller  leaflets  of  this  species. 
It  may  be  differentiated  from  Sophora  wilcoxi- 
ana by  its  repand  margin,  broader  form,  nar- 
rowed apex,  and  by  the  flattening  and  widening 
of  its  petiolule.  It  is  found  in  association  with 
that  species  but  is  considerably  less  abundant. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Sophora  lesquereuxi  Berry,  n.  sp. 

Querciis  myrtifolia.    Lesquereux  (not  Willdenow),  Am 

Jour.  Sci.,  2d  ser.,  vol.  27,  p.  363,  1859. 
Lesquereux,  in  Safford,  J.  M.,  Geology  of  Tennessee, 

p.  427,  pi.  K,  fig.  3,  1869. 
Loughridge,  Report  on  the  geological  and  economic 

features  of  the  Jackson's  purchase  region,  p.  196, 

fig.  3,  1888. 

Description.  —  Leaflets  shortly  elliptical, 
approaching  orbicular  in  general  outline, 
slightly  inequilateral.  Apex  slightly  emar- 
ginate.  Base  pointed,  slightly  decurrent. 
Length  about  3  centimeters.  Maximum  width, 
in  the  middle  part  of  the  leaflet,  about  1:75  to 
2  centimeters.  Margins  entire,  regularly 
rounded.  Texture  coriaceous.  Petiolule 
long,  stout,  curved,  about  4  millimeters  in 
length       Midrib  stout  and  curved.       Secon- 


daries thin,  about  four  alternate,  unequally 
spaced  pairs;  they  diverge  from  the  midrib  at 
angles  of  about  55°,  ciu^e  regularly  upward  in 
a  subparallel  manner,  and  are  camptodrome  in 
the  marginal  region;  those  on  the  narrower 
side  of  the  lamina  are  slightly  more  ascending 
than  those  of  the  opposite  side.  Tertiaries 
immersed  in  the  leaf  substance. 

When  Lesquereux  studied  this  material  in  1 859 
the  deposits  from  which  it  came  were  thought 
to  be  of  Pliocene  age,  and  he  naturally  searched 
the  still  existing  flora  of  temperate  North  Amer- 
ica for  a  similar  form  and  identified  the  present 
species  with  the  scrub  oak,  Quercus  myrtifolia 
Willdenow,  a  small  tree  ranging  from  South 
Carolina  to  Louisiana  near  the  coast.  This 
form  is  really  not  especially  Uke  the  fossil,  being 
generally  larger,  obovate  in  outline,  with  a 
decidedly  different  secondary  venation,  and  a 
well-marked  and  characteristic  querciform  ter- 
tiary areolation.  If  Lesquereux  had  extended 
his  comparisons  to  the  existing  flora  of  tropical 
America  he  would  have  f oimd  numerous  similar 
leaflets  in  the  genus  Sophora,  so  common  in 
modem  strand  floras  of  the  Tropics. 

The  present  species  is  at  once  distinguishable 
from  the  associated  Wilcox  species  of  Sophora 
by  its  relatively  long  petiolule.  It  is  relatively 
much  shorter  and  broader  than  the  abimdant 
Sophora  wilcoxiana  Berry  and  much  less  inequi- 
lateral than  Sophora  palxolohifolia  Berry.  It 
is  closest  to  Sophora  henryensis  Berry  but  is 
more  inequilateral,  has  fewer  and  more  ascend- 
ing secondaries,  and  of  course  is  readily  distin- 
guishable by  its  long  petiolule. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Somerville,  Fayette  County, 
Tenn.  (collected  by  J.  M.  Safford). 

Collection. — Location  of  type  imknown.  Not 
contained  in  any  of  the  recent  collections. 

Sophora  mucronata  Berry,  n.  sp. 

Plate  LII,  figure  4. 

Description.  —  Leaflets  of  medium  size, 
oblong-eUiptical  and  somewhat  inequilateral  in 
general  outline.  Length  about  4.5  centi- 
meters. Maximum  width,  at  or  slightly  below 
the  middle,  about  1 .6  centimeters.  Tip  evenly 
and  broadly  rounded,  the  midrib  being  pro- 
duced as  a  slender  mucro  about  2  millimeters 
in  length.  Base  rounded  or  in  many  specimens 
broadly  cuneate.  Margins  entire.  Texture 
subcoriaceous.       Petiolule   long,    broad,    and 
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flat,  about  6  millimeters  in  length.  Midrib 
stout,  as  a  rule  slightly  curved,  prominent  on 
the  lower  surface  of  the  leaflet.  Secondaries 
thin,  largely  immersed  in  the  leaf  substance; 
about  seven  opposite  to  alternate,  regularly 
spaced  pairs  diverge  from  the  midrib  at  angles 
of  45°  to  50°,  curving  slightly  in  their  ascending 
subparallel  courses,  eventually  camptodrome. 
Tertiaries  obsolete. 

Among  the  numerous  Wilcox  species  of 
Sophora  this  species  greatly  resembles  the 
medium-sized  leaflets  of  Sophora  vdlcoxiana 
Berry,  the  specific  differences  being  the  relar- 
tively  long,  flat  petiolule,  Sophora  wilcoxiana 
having  practically  sessile  leaflets,  and  the 
extended  bristle-like  mucro  of  the  tip.  It  is 
possible  that  some  of  the  leaflets  referred  to 
Sophora  wilcoxiana  are  leaflets  of  Sophora 
mucronata  from  which  the  mucro  and  the  petio- 
lule have  been  broken  off,  since  the  outline  and 
venation  of  the  two  species  are  practically  iden- 
tical. There  is  no  danger  of  confusing  the 
present  species  with  any  of  the  other  Wilcox 
species.  Among  recent  forms  of  Sophora, 
species  with  foliage  like  that  of  Sophora  mucro- 
nata  are  not  uncommon  in  the  American  tropi- 
cal and  subtropical  zones.  Among  foreign  Ter- 
tiary species  attention  should  be  called  to  the 
resemblance  between  this  species  and  one  from 
Sagor  in  Camiola  described  by  Ettingshausen  * 
as  Styphnolobium  europsefum? 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museimi. 

Genus  DALBERGIA  Liiui6  fils. 

Dalberoia  eocenica  Berry,  n.  sp. 

Plate  LIII,  figures  1  and  2. 

Description, — Leaflets  oblong  or  obovate  in 
general  outline,  sessile.  Apex  emarginate. 
Margins  more  or  less  parallel,  entire,  curving 
inward  to  form  the  broadly  pointed  base. 
Length,  2.2  centimeters.  Maximum  width,  8 
or  9  millimeters,  extending  over  the  upper  half 
or  two-thirds  of  the  leaflet.  Midrib  very  stout 
and  prominent  on  the  lower  surface  of  the 
leaflet,  straight  or  somewhat  curved.  Seconda- 
ries thin  but  distinct,  especially  on  the  lower 

1  Ettingshausen,  C.  von,  Die  fossUe  Flora  von  Sagor  in  Krain,  pt.  2, 
p.  49,  pi.  19,  flgs.  9-11, 1877. 

*  Engler  and  Prantl  treat  the  genus  Styphnolobium  Schott  as  a  syno- 
nym of  Sophora. 


surface  of  the  leaflet,  six  or  seven  pairs,  branch- 
ing at  an  acute  angle  (30°  or  less),  campto- 
drome or  more  or  less  obsolete  by  anastomosing 
to  form  the  tertiary  marginal  areolation.  The 
texture  is  coriaceous  and  the  venation  is  en- 
tirely obsolete,  except  for  the  well-marked  mid- 
rib, on  impressions  showing  the  upper  surface 
of  the  leaflet.  The  distal  ears  are  symmetrically 
rounded  and  directed  upward,  and  the  leaflet 
is  as  broad  at  this  height  as  it  is  lower  down. 

The  modem  species  of  Dalbei^ia  number 
about  eighty,  distributed  throughout  the  ori- 
ental and  occidental  tropics,  and  there  is  a 
strong  generic  similarity  in  their  foliage,  a 
number  being  practically  identical  with  this 
Wilcox  species.  It  is  also  very  similar  to  a 
number  of  previously  described  fossil  species, 
for  example,  Dalbergia  heUa  Heer,'  Dalbergia 
affinia  Saporta,*  Dalbergia  retussrfolia  Heer,*  and 
Dalbergia  cuneifolia  Heer.'  These  and  nu- 
merous other  species  range  from  the  upper 
Eocene  into  the  PUocene  of  Europe.  Although 
several  Upper  Cretaceous  species  are  described 
from  North  America  the  Tertiary  occurrences 
are  few.  Lesquereux  '  has  identified  Ddtbergia 
cuneifolia  Heer  from  the  Miocene  of  Colorado, 
and  I  have  recorded  Dalbergia  calvertensis 
Berry  from  the  Miocene  of  Virginia.  Perhaps 
the  most  similar  species  to  the  present  form  is 
the  widespread  Dalbergia  beUa  Heer,  which 
differs  in  being  petiolulate,  whereas  Dalbergia 
eocenica  is  sessile  and  has  more  nearly  parallel 
margins.  Dalbergia  beUa  is  represented  in  the 
late  Eocene  flora  of  Greenland. 

Among  unrelated  existing  genera  the  com- 
mon coastal  species  Reynosia  septentrionaUs 
Urban  (Rhamnacese)  of  the  West  Indies  has 
small,  coriaceous,  emarginate  leaves  that  are 
identical  with  those  of  Dalbergia  eocenica  in 
outline,  differing  merely  in  their  venation, 
Reynosia  having  regularly  spaced,  campto- 
drome secondaries,  diverging  at  an  invariably 
wide  angle  of  more  than  90°. 

Another  similar,  somewhat  larger  form  is 
described  by  Friedrich  as  Dalbergia  oUgocsenica.^ 

*  Heer,  Oswald,  Flora  tertiaria  Helvetise,  vol.  3,  p.  104,  pi.  133,  figs. 
14-19, 1859. 

*  Saporta,  O.  de,  Demises  adjonctions  k  la  flore  fosslle  d'Alx-en- Pro- 
vence, pt.  2,  pi.  1,  fig.  12,  1889. 

» Heer,  Oswald,  op.  cit.,  pi.  133,  figs.  9-11. 

*  Idem,  pi.  133,  fig.  20. 

T  Lesquereux,  Leo,  The  Cretaceous  and  Tertiary  floras,  p.  200,  pi.  34, 
figs.  6,  7, 1883. 

s  Friedrich,  Paul,  K.  preuss.  geol.  Landesanstalt  Abh.  Oeol.  SpeciaN 
karte,  Preussen  und  den  Thiiringischen  Staaten,  vol.  4,  p.  231,  pi.  29, 
figs.  17-19, 1883. 
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It  comes  from  the  Oligocene  of  Doerstewitz, 
Saxony. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Dalberqia  wilcoxiana  Berry,  n.  sp. 

Plates  LIII,  figure  7,  and  LIV,  figures  1  and  2. 

Description. — Leaflets  small,  obovate  in  gen- 
eral outline,  petiolulate.  Apex  broadly  rounded, 
conspicuously  emarginate,  the  apical  lobes 
separated  by  the  width  of  the  relatively  very 
broad  midrib.  Sides  full  and  evenly  rounded, 
becoming  straighter  and  narrowing  from  above 
the  middle  to  the  narrowly  cunoate  base. 
Length  about  1 2  millimeters.  Maximum  width, 
slightly  above  the  middle,  about  5.5  millimeters. 
Margins  entire.  Texture  relatively  coriaceous. 
Petiolule  relatively  long  and  stout,  about  3.5  to 
4  millimeters  in  length.  Midrib  very  stout  and 
prominent,  slightly  curved.  Secondary  system 
consists  of  four  or  five  alternate  pairs  of  sec- 
ondaries, relatively  thin  and  but  slightly  dif- 
ferentiated from  the  tertiary  system,  with 
which  they  tend  to  merge;  they  diverge  from 
the  midrib  at  angles  of  about  45°,  curving  up- 
ward subparallel  with  the  lateral  margins,  and 
are  camptodrome.  Tertiary  system  comprises 
veins  parallel  with  the  secondaries  that  anasto- 
mose by  dichotomous  forking,  joined  by  still 
finer  transverse  nervilles,  more  or  less  im- 
mersed in  the  leaf  substance. 

This  species  may  be  compared  with  the  same 
fossil  forms  as  Dalbergia  eocenica  Berry.  It 
differs  from  that  species  in  its  smaller  size,  long 
petiolule,  more  differentiated  and  fewer  sec- 
ondaries, and  in  lacking  the  oblong  form  of  that 
species.  It  is  not  common  in  the  largo  amount 
of  material  collected  and  may  have  been  un- ' 
conunon  along  the  Wilcox  coast. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  ago),  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry) . 

Collection. — ^U.  S.  National  Museum. 

Dalberqia  monospermoides  Berry,  n.  sp. 

Plate  LIV,  figure  3. 

Description. — Pods  of  small  size,  ovate  in 
outline,  pointed  at  both  ends,  pedunculate, 
compressed,  with  a  single  mature  seed.  Length 
exclusive  of  peduncle  about  2.3  centimeters. 


Maximum  width,  about  midway  between  the 
apex  and  the  base,  about  1.3  centimeters. 
Peduncle  stout  and  straight,  about  4  millime- 
ters in  length.  These  smaD  pods  are  inequi- 
lateral in  side  view,  the  dorsal  suture  being  loss 
full  and  curved  than  the  ventral  side,  keeled. 
Ventral  margin  thickened.  Surface  indis- 
tinctly veined  with  close  anastomosing  trans- 
verse nervilles.  Textiu'e  subcoriaceous.  The 
single  matiu*e  seed  is  centrally  located,  about  7 
milhmeters  in  diameter. 

This  species,  represented  by  a  few  mostly  im- 
perfect pods  at  the  Puryear  locahty,  seems 
clearly  referable  to  the  genus  Dalbergia  and  is 
closely  comparable  with  the  pods  of  several 
existing  species  characterized  by  their  rela- 
tively small  legumes.  It  very  likely  represents 
one  or  the  other  Wilcox  species  which  have 
been  referred  to  this  genus  on  the  basis  of  their 
foliage,  but  since  this  can  not  be  demonstrated 
it  is  given  a  specific  name.  Among  previously 
described  fossil  forms  it  may  be  compared  with 
Dalbergia  phleboptera  Saporta^  and  Dalbergia 
microcarpa  Saporta  *  of  the  lower  Oligocene  of 
southeastern  France,  both  of  which  are  even 
smaller  than  the  Wilcox  species  but  otherwise 
very  simUar. 

This  species  suggests  that  ocean  currents 
played  a  part  in  the  distribution  of  the  Wilcox 
Dalbergias,  for,  according  to  Schimper,  the 
pods  of  the  very  similar  existing  Dalbergia 
monosperma  are  buoyant.  Guppy '  found  these 
pods  in  the  drift  of  the  Rewa  estuary  and 
states  that  they  will  float  uninjured  for  months. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry) . 

Collection. — U.  S.  National  Museum. 

Dalbergia  tennesseensis  Berry,  n.  sp. 

Plate  LIV,  figure  4. 

Description. — Leaflets  relatively  large,  mark- 
edly inequilateral,  elliptical,  or  obovate  in 
general  outline,  the  apex  rounded  or  emargi- 
nate, inequilateral,  and  the  base  cuneate, 
nearly  equilateral.  Length  about  2.5  centi- 
meters. Maximum  width,  in  the  middle  part 
of  the  leaflet,  about  11  or  12  millimeters.     Mar- 


1  Saporta,  O.  de,  Demises  adjonctions  jk  la  flore  fossfle  d'Alx-«n« 
Provence,  pt.  2,  p.  116,  pi.  18,  ag.  18, 1889. 

>  Idem,  p.  117,  pi.  18,  fig.  19. 

^Ouppy,  H.  B.,  Observations  of  a  naturalist  in  the  Pacific,  vol.2. 
Plant  dispersal,  p.  529, 1906. 


ROSALES. 


247 


gins  entire.  Petiolule  relatively  long,  stout, 
and  curved,  about  4  or  5  millimeters  in  length. 
Midrib  rather  stout,  much  curved.  Seconda- 
ries well  marked,  about  six  opposite  to  alter- 
nate pairs,  diverging  at  different  angles,  camp- 
todrome.  Tertiaries  thin  but  well  marked, 
rather  straight,  forming  a  relatively  open  areo- 
lation.  The  lamina  is  about  one-fifth  wider 
on  one  side  of  the  midrib,  and  the  secondaries 
are  more  ascending  on  the  narrower  side. 

Dalbergia  is  represented  by  three  species  of 
leaflets  and  a  pod  in  the  Wilcox  flora.  The 
present  species  is  somewhat  larger  than  the 
other  two  Wilcox  species  of  Dalbergia  leaflets 
and  has  more  numerous  and  relatively  stouter 
secondaries,  more  prominent  tertiaries,  and  a 
much  more  inequilateral  outline.  It  is  readily 
matched  by  the  leaflets  of  some  of  the  existing 
species  of  Dalbergia. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected .by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Genus  DALBERGITES  Berry,  n.  gen. 

This  genus  is  proposed  as  a  form  genus  for 
leaflets  which  possess  distinctive  characters  that 
aDy  them  with  the  genera  of  the  subfamily 
DalbergiesB  without,  however,  showing  charac- 
ters that  enable  a  decision  to  be  reached  in  favor 
of  one  genus  to  the  exclusion  of  the  others. 
The  name  Dalbergites  is  not  intended  to  indi- 
cate any  closer  botanic  affinity  to  Dalbergia 
than  to  Pterocarpus  or  any  other  genus  of  this 
subfamily,  which  is  my  reason  for  proposing 
this  present  name  instead  of  Dalbergiophyllimi, 
which  is  already  in  the  hterature. 

In  the  modem  flora  the  subfamily  consists  of 
about  350  species  in  27  genera,  which  are  segre- 
gated to  form  four  tribes.  Of  these  tribes  the 
AnomalsB  are  exclusively  African  and  not 
known  in  the  fossil  state,  but  the  other  three  are 
largely  American  and  tropical,  and  of  these  the 
tribe  Pterocarpinse  seems  to  be  the  one  most 
strongly  suggested  by  the  following  species. 

DALBERorrES  ELLiPTiciFOLius  Berry,  n.  sp. 

Plate  LIV,  figure  10. 

Description. — Leaflets  small,  equilateral,  and 
elliptical  in  general  outline,  the  tip  slightly 
mucronate.  Length  about  3.75  centimeters. 
Maximiun  width,  midway  between  the  apex 
and  the  base,  about  2  centimeters.     From  the 


point  of  greatest  width  the  full  entire  margins 
curve  evenly  to  the  apex  and  the  base.  Tex- 
ture subcoriaceous.  Petiolule  absent.  Midrib 
stout  and  straight,  not  prominent.  Seconda- 
ries thin  but  well  marked;  six  or  seven  pairs, 
scarcely  differentiated  from  the  tertiaries, 
diverge  from  the  midrib  at  angles  of  about  25° 
to  30°,  long  ascending  and  but  slightly  curved, 
camptodrome  in  the  marginal  region,  where 
they  can  scarcely  be  distinguished  in  caliber 
from  the  tertiaries.  Tertiaries  thin  but  well 
marked,  the  anastomosing  veinlets  forming  the 
characteristic  acutely  angular  areolae  of  this 
family. 

This  species  is  readily  distinguishable  from 
the  other  Wilcox  species  of  Leguminosse.  It  is 
somewhat  suggestive  of  Sophora,  but  the  mu- 
cronately  pointed  tip  serves  at  once  to  differen- 
tiate it,  as  does  also  the  venation.  It  is  some- 
what like  the  extinct  genus  Palselobium  Unger 
of  this  subfamily,  and  also  suggests  certain 
existing  species  of  the  genus  Machserium  Per- 
soon,  which  comprises  more  than  three  score 
species  that  are  confined  to  the  American 
Tropics,  though  the  genus  is  also  recorded  from 
the  European  Tertiary.  It  may  also  be  com- 
pared with  existing  species  in  the  genera  Dal- 
bergia, Drepanocarpus,  and  Pterocarpus. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

DALBERorrES  OVATUS  Berry,  n.  sp. 

Plate  LIV,  figure  11. 

Description. — Leaflets  relatively  large,  ovate 
in  general  outline,  widest  below  the  middle  and 
tapering  upward  to  the  gradually  narrowed, 
eventually  abruptly  and  obtusely  pointed  tip 
and  downward  to  the  broadly  cuneate  base. 
Length  about  7.5  centimeters.  Maximum 
width,  in  the  lower  half  of  the  leaf,  about  3.25 
centimeters.  Margins  entire,  slightly  un- 
dulate. Leaf  substance  thin.  Petiolule  lack- 
ing. Midrib  stout  throughout,  slightly  curved, 
longitudinally  striated,  apparently  flat  and  not 
prominent.  Secondaries  thin,  scarcely  visible 
on  the  upper  surface  of  the  leaflet;  about  a 
dozen  pairs,  scarcely  differentiated  from  the 
tertiaries,  diverge  from  the  midrib  at  irregular 
intervals  at  angles  averaging  about  35°,  pursue 
an  ascending  but  slightly  curved  course,  and  by 
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forking  merge  with  the  tertiary  system  in  the 
marginal  region.  The  basal  two  or  three  pairs 
of  secondaries  originate  close  together  at  the 
base  of  the  leaf,  and  one  pair,  generally  the 
third,  are  somewhat  stouter,  more  ascending, 
and  longer  than  any  of  the  others,  giving  the 
leaflets  a  palmately  triveined  appearance,  as 
in  so  many  lauraceous  and  other  genera. 
These  veins  are  not  lateral  primaries,  however, 
and  the  sum  of  the  characters  of  the  specimens 
indicates  their  leguminous  nature.  The  ter- 
tiary veins  are  thin  but  well  marked  and  inoscu- 
late to  form  the  typical  papilionaceous  vena- 
tion of  this  species. 

In  its  outline  this  species  suggests  various 
Wilcox  Leguminosae,  from  all  of  which  it  differs 
in  its  venation  characters,  especially  in  its 
triveined  appearance.  It  may  be  compared 
with  existing  species  of  Machaerium,  Drepano- 
carpus,  Pterocarpus,  and  the  like,  as  well  as 
certain  members  of  the  Phaseolese. 

Occurrence, — Grenada  formation.  Ore  ada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry). 

Collection, — U.  S.  National  Museum. 

Genus  CANAVAUA  Adanson. 

Canavalia  eocenica  Berry,  n.  sp. 

Plate  LIII,  figures  3-6. 

Description, — Stem  elongated,  probably  trail- 
ing or  scandent.  Leaves  trifoliate.  Leaflets 
variable  in  size,  elliptical  in  outline,  the  apex 
broad,  emai^inate  or  retuse,  and  the  base 
roimded  or  very  broadly  and  obtusely  pointed. 
Petiole  stout,  about  1.5  centimeters  in  length, 
slightly  tumid  proximad.  Petiolules  stout, 
with  narrow  and  thick  marginal  wings,  con- 
stricted at  base  of  leaflets,  4  to  12  millimeters 
in  length.  Leaflets  range  in  size  from  4.5  to  8 
centimeters  in  length  and  from  2.3  to  4.7  centi- 
meters in  maximum  width,  which  is  midway 
between  the  apex  and  the  base.  Midribs  stout 
and  prominent  on  lower  surface  of  the  leaflets, 
appearing  narrow  on  the  upper  surface.  Sec- 
ondaries thin,  remote,  five  or  six  subopposite 
to  alternate  pairs,  diverging  from  the  midrib 
at  angles  of  about  45°  or  more,  curving  regu- 
larly upward,  subparallel  and  camptodrome. 
Margins  entire.     Texture  coriaceous. 

This  fine  species  is  entirely  distinct  from  pre- 
viously described  fossil  forms.  The  detached 
leaflets   are  common  in   the  clays  of  Henry 


County  and  might  readily  be  confused  with 
sapotaceous  leaves  hke  those  of  Mimusops  or 
with  Sophora,  Chrysobalanus,  or  Capparis.  I 
was  fortunate  enough,  however,  to  find  a  com- 
plete specimen,  which  had  all  three  leaflets 
intact.  This  is  shown  in  Plate  UII,  figure  6, 
after  the  terminal  leaflet  was  destroyed  in 
transit.  When  the  petiolule  is  not  broken  off, 
the  detached  leaflets  may  be  distinguished  from 
imrelated  genera  with  similar  leaves  by  the 
enlarged  lateral  margins  of  their  petiolules. 

Among  existing  species  this  Eocene  form  is 
unquestionably  closely  allied  to  Canavalia 
ohtusifolia  (Lamarck)  De  CandoUe,  a  widely 
distributed  tropical  strand  plant  common  in  the 
West  Indies,  creeping  over  the  beach  ridges  and 
climbing  in  the  thickets  in  the  beach  jungle, 
comparable  in  its  abundance,  range,  and  habi- 
tat with  Ipomau  pes-caprse. 

This  modem  species  is  identical  in  character 
with  the  fossil  form,  except  that  its  leaflets  are 
relatively  slightly  broader,  the  petiole  is  some- 
what longer,  and  the  rachis  extends  a  short 
distance  above  the  point  of  attachment  of  the 
opposite  lateral  leaflets.  The  size,  texture, 
and  venation  are  exactly  comparable,  and  some 
of  the  broader  leaflets,  like  the  larger  one  fig- 
ured, are  identical  in  outline.  The  leaves  of 
the  recent  form  are  not  deciduous,  but  the 
leaflets  commonly  absciss  after  repeated  wet- 
ting, and  a  similar  habit  would  account  for  the 
presence  of  the  commonly  detached  leaflets  in 
the  clajrs  of  Wilcox  age  in  Tennessee. 

Another  existing  species,  Canavalia  cubensis 
Grisebach,  has  leaflets  relatively  narrower  than 
those  of  Canavalia  obtusifolia.  They  are  ellip- 
tical and  identical  with  the  average  of  those  of 
the  fossil  species  but  are  as  a  rule  merely  ob- 
tuse and  not  emarginate  distad.  Canavalia 
cuhensis  is  a  common  high  climber  of  the  moun- 
tains of  Cuba  but  in  some  places  clambers  over 
coral  rock  at  sea  level  along  the  coast. 

At  least  three  of  the  existing  species  are 
Uttoral  and  are  dispersed  by  ocean  currents. 
The  pods  and  seeds  of  Canavalia  obtusifolia 
float  well  and  the  seeds  retain  their  vitality 
after  prolonged  immersion  in  sea  water,*  so 
that  the  wide  dispersal  of  this  species  is  un- 
doubtedly largely  due  to  this  habit. 

An  unrelated  modem  form  with  trifoliate 

leaves,  and  leaflets  identical  in  outline  with 

• 

»  Guppy,  H.  B.  op.  cit.,  p.  145. 
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CanavaMa    eocenica,    is    Bombax    mucronaium 
Schumann,    an    inhabitant    of    Brazil.    The 
fossil  species  may  be  distinguished  from  this 
recent  form  by  its  fewer  and  much  more  ascend- , 
ing  secondaries. 

Canavalia  eocenica  is  so  positively  identified 
that  it  affords  a  very  satisfactory  addition  to 
the  Wilcox  flora,  enabling  us  to  form  so  definite 
a  picture  of  the  plant  grouping  along  the  sandy 
parts  of  the  shore  of  the  Wilcox  Mississippi  Gulf. 

Occurrence, — Grenada  formation,  Grenada. 
Grenada  County,  Miss,  (collected  by  E.  N, 
Lowe  and  E.  W.  Berry).  Holly  Springs  sand, 
Holly  Springs,  Marshall  County,  Miss,  (col- 
lected by  E.  W.  Berry).  Lagrange  formation 
(in  beds  of  Wilcoi  age),  Puryear,  Henry 
County,  Tenn.  (collected  by  E.  W.  Berry). 

CoUections. — U.  S.  National  Museimi. 

Canavalia  acuminata  Berry,  n.  sp. 

Plate  CX,  figures  4  and  5. 

Description. — Leaves  trilobate  (?).  Leaf- 
lets of  medium  size,  ovate-lanceolate  in  out- 
line, nearly  equilateral,  the  base  broadly 
roimded  and  tapering  from  about  the  middle  to 
a  short,  sharp  point.  Length  5  to  6  centi- 
meters. Maximum  width,  below  the  middle, 
2  to  2.6  centimeters.  Margins  evenly  rounded 
and  entire.  Texture  subcoriaceous.  Petio- 
lules  short,  flat,  and  very  much  expanded, 
transversely  striated.  Midrib  stout  and  prom- 
inent on  the  lower  surface  of  the  leaflets. 
Secondaries  thin;  six  to  eight  pairs  diverge 
from  the  midrib  at  angles  that  average  about 
50°,  curvingupward  in  a  subparallel  manner  and 
camptodrome  in  the  marginal  region.  The  ter- 
tiary venation  is  thin  but  weU  marked,  the  angu- 
lar areolation  being  characteristic  of  the  genus. 

No  complete  leaves  of  this  species  have  been 
found,  so  that  its  identification  is  not  as  con- 
clusive as  that  of  Canavalia  eocenica  Berry.  It 
is  sUghtly  smaller  than  that  species  and  is 
readily  distinguished  by  its  ovate-lanceolate 
leaflets  as  against  the  broadly  elliptical  or 
retuse  leaflets  of  Canavalia  eocenica,  and  it  is  also 
less  common  than  Canavalia  eocenica. 

It  somewhat  resembles  the  numerous  leaf- 
lets from  the  Tertiary  of  Colombia  described 
by  Engelhardt^  as  Inga  reissi. 

Occurrence. — Holly  Springs  sand.  Early 
Grove,  Marshall  County,  Miss,   (collected  by 


E.  W.  Berry).  Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Genus  LEGUMINOSITES  Bowerbank. 
Leguminosites  prefoliatus  Berry,  n.  sp. 

Plate  XLVIII,  figure  1. 

Description. — A  small  unexpanded  leaf  of  an 
Acacia-like  form  occurs  in  the  collection  from 
the  clays  of  Wilcox  age  at  Puryear.  It  rep- 
resents an  incomplete  leaf  of  conduplicate  verna- 
tion, preserved  for  a  lengch  of  2  centimeters. 
The  stipe  is  stout  and  the  immature  leaflets  are 
numerous,  numbering  about*  a  dozen  pairs  in 
the  portion  preserved.  They  are  small,  linear- 
lanceolate,  sessile,  and  about  5  or  6  millimeters 
in  length  and  1  millimeter  in  maximum  width, 
inserted  obliquely,  and  apparently  somewhat 
falcate.  They  are  much  smaller  than  most  of 
the  described  species  of  Mimosite^  and  Ccesal- 
pinites  of  the  Wilcox  flora,  but  had  obviously 
not  attained  their  mature  size. 

The  specimen  is  not  imique,  since  Heer 
described  an  almost  exactly  similar  speci- 
men from  the  Swiss  Miocene  as  Cassia  con- 
cinna  ^  and  Lesquereux  has  figured  a  specimen 
from  the  lower  Eocene  of  Evanston,  Wyo.,  that 
is  almost  exactly  similar  to  the  Swiss  form  as 
well  as  to  the  present  Wilcox  form.  This  he 
identifies  as  Cassia  condnna  Heer,'  an  obvi- 
ously rash  proceeding  when  the  nature  of  the 
remains  and  the  wide  interval,  both  geographic 
and  geologic,,  between  the  two  occurrences  is 
taken  into  consideration.  Lesquereux's  form 
may  be  the  same  as  that  from  Tennessee,  since 
they  are  identical  in  appearance  and  come  from 
horizons  that  are  not  remotely  different  in  age, 
but  such  evidence  is  hardly  sufficient  to  estab- 
lish actual  identity,  and  I  prefer  to  keep  them 
separate. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry), 

Collection. — U.  S.  National  Museum. 

Leguminosites  arachioides  (Lesquereux) 

Lesquereux. 

Plate  XLVIII,  figure  9. 

Carpolithes  arachioides.    Lesquereux,   U.   S.   Geol.   and 
Gepg.  Survey  Terr.  Ann.  Rept.  for  1872,  p.  403, 1873. 


1  Engelhardt,  Hermann,  Senckenberglsche  naturL  Oesell.  Abh.,  vol.         *Heer,  Oswald,  Flora  tertlaria  Ilelvetiic,  vol.  3,  pi.  138,  fig.  41, 1859. 
19,  p.  36,  pi.  8,  figs.  It  2;  pi.  9,  fig.  8, 1895.  *  Lesquereux,  Leo,  The  Tertiary  flora,  p.  299,  pi.  59,  figs.  8, 8a,  1878. 
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Leguininontesf  aratkioidu.     Leequereux,    The   Tertiary 
flora,  p.  301,  pi.  59,  figs.  13,  14,  1878. 
Dawson,  Geol.  Survey  Canada  Rept.  Progress  for  1877- 
78,  p.  186b,  1878. 

Description, — Much  material  of  these  strange 
leguminous  fruits  has  come  to  light  during  late 
years,  and  Lesquereux^s  diagnosis  may  be  con- 
siderably amplified,  as  well  as  corrected  in 
several  particulars,  as  follows: 

Pods  in  compound  clusters,  arranged  alter- 
nately in  pairs  on  stout  flexuous  stems,  sub- 
sessile,  of  a  ligneous  consistency,  full  and 
evenly  rounded,  inflated,  about  2.5  centimeters 
in  length  and  about  1  centimeter  wide  across 
the  middle,  pointed  at  both  ends,  mucronate 
distad,  several-seeded,  dehiscent.  Surface  stri- 
ated; in  general  there  are  two  series  of  striae, 
wrinkles,  or  corrugations,  one  set  approxi- 
mately longitudinal  and  the  other  transverse. 
These  striations  are  to  a  certain  extent  the 
result  of  compression,  since  a  good  many  of  the 
pods  show  rounded  bases  evidently  due  to 
deformation. 

Lesquereux  compared  these  forms,  which  are 
very  common  in  the  early  Eocene  of  the  Rocky 
Mountain  region  (Raton,  Fort  Union,  Denver, 
and  the  like)  with  the  existing  Arachia  Jiypogaea 
Linn6,  a  very  remote  analogy  it  seems  to  me. 
Their  most  curious  feature  is  the  absence  of  the 
persistent  calyx  that  is  such  a  widespread  fea- 
ture of  leguminous  fruits,  and  their  weU-marked 
habit  of  occurring  in  pairs,  a  feature  not  ob- 
served by  Lesquereux,  who  also  speaks  of  the 
specimen  shown  in  figure  14  as  terminating  in  a 
tendril.  This  is  not  the  case  but  is  an  over- 
sanguine  interpretation  of  the  material.  Legu- 
minosities  arachioides  was  either  a  low  strag- 
gling plant  of  the  sandy  beaches,  comparable 
perhaps  with  the  modem  forms  of  Baptisia  or 
Crotalaria,  or  else  it  was  a  viiie  like  the  modem 
species  of  Abrus. 

Occurrence, — ^Wilcox  group,  3  to  4  miles 
below  Hamilton  on  Sabine  River,  Sabine 
County,  Tex.,  very  common  in  a  grayish 
sandstone  (collected  by  A.  C.  Veatch);  and 
1^  miles  northeast  of  Mansfield,  De  Soto 
Parish,  La.  (collected  by  G.  C.  Matson  and  O. 
B.  Hopkins). 

Collection. — ^New  York  Botanical  Garden. 
Much  western  material  in  U.  S.  National 
Museum. 


LEGUHiNOsrrES  wiCKLiFFENSis  Berry,  n.  sp. 

Plate  LI,  figure  8. 

Description, — Small  legume,  ovate  in  general 
outline,  compressed  but  somewhat  full  and 
rounded  on  the  margin  opposite  the  keel, 
apparently  indehiscent.  Length  about  2  centi- 
meters. Maximum  width,  about  halfway  be- 
tween the  ends,  about  7  millimeters.  Proxi- 
mad  the  pod  tapers  to  a  stout  peduncle.  Distad 
it  is  narrowed  and  obtusely  pointed.  The 
keeled  and  opposite  margins  are  about  equally 
curved,  giving  the  pod  an  approximately 
equilateral  form.  The  pod  is,  however,  angled 
along  the  well-marked  keel  and  rounded  along 
the  opposite  side.  The  texture  appears  to  have 
been  coriaceous,  but  this  may  be  partly  due  to 
the  lignified  nature  of  the  remains.  The  surface 
is  nearly  smooth  but  has  slight  transverse 
ridges.  Close-set  thin  transverse  veins,  almost 
completely  immersed  in  the  substance,  are 
faintly  discernible.  The  seeds  appear  to  have 
been  several  in  number,  small  and  compressed. 

This   form   was   collected   from   the   lower 
lignite  bed  in  the  railroad  cut  just  south  of 
Wickliffe,  for  which  locality  it  is  named.     It  is 
entirely  distinct  from  the  other  pods  which 
have  been  discovered  in  the  lower  Tertiary,  and 
though  it  may  very  likely  represent  the  pod  of 
one  of  the  numerous  species  of  Leguminosae 
that  have  been  described  from  the  Wilcox  on 
the  basis  of  their  leaflets,  there  is  no  clue  to 
this  relationship,  and  the  remains  are  of  neces- 
sity  given    a    distinct   specific   name.     With 
regard  to  their  exact  botanic  aflSnity  they  offer 
no  decisive  characters  for  generic  diagnosis  and 
are  therefore  referred  to  the  form  genus  Legu- 
minosites.     The  texture  is  similar  to  that  of 
our  common  Robinia,  and  the  size  and  outline 
suggest  numerous  existing  species  of  Cassia  as 
well   as  certain  other  genera  of   the  Csesal- 
piniaceaB  and  some  genera  of  the  PapiUonacese. 
My  impression  is  that  they  appertain  to  the 
first  of  these  families,  but  this  is  incapable  of 
verification.     Almost  identical  remains  from 
the  Oligocene  of  southern  France  are  described 
by  Saporta  *  as  Cercis  amelise. 

Occurrence, — Lagrange  formation,  lower  lig- 
nite bed  (of  Wilcox  age),  in  a  cut  on  the  Illinois 

iSaporta,  O.  de,  Etudes  stir  la  v^g^tation  du  sud-est  de  la  France  & 
r^poque  tertiaire,  vol.  3,  p.  117,  pi.  14,  fig.  12, 1867. 
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Central  Railroad  1  mile  south  of  the  depot  at 
Wickliffe,  Ballard  County,  Ky.  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Leouminosftes  reniformis  Bowerbank  (?). 

Leguminosites  reniformis.  Bowerbank,  History  of  the 
foflsil  fruits  and  seeds  of  the  London  clay,  p.  135, 
pi.  17,  figs.  29,  30,  1840. 

Description. — Small  seed,  reniform,  about 
twice  as  long  as  broad,  with  a  smooth  testa. 
A  few  seeds  in  the  deposits  at  Puryear  are 
indistinguishable  from  this  species,  which  was 
described  by  Bowerbank  from  the  pyritized 
remains  in  the  London  clay  (Ypresian)  of  the 
Isle  of  Sheppey. 

As  remains  of  this  sort  present  few  specific 
characters  the  occurrence  is  queried,  although 
it  is  not  at  all  unUkely  that  identical  or  closely 
related  species  of  LeguminossB  with  similar 
seeds  flourished  in  North  America  and  Europe 
during  the  early  Eocene. 

Occurrence. — Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museiun. 

LEQUMiNOsrrEs  suBOVATus  Bowerbank  (?). 

Ltgwminotites  auhovatus.  Bowerbank,  History  of  the  fossil 
fruits  and  seeds  of  the  London  clay,  p.  125,  pi.  17, 
figs.  1,  2,  1840. 

Description. — Subbvate  leguminous  seeds 
about  8  millimeters  in  length,  6  millimeters  in 
width,  and  4  millimeters  in  thickness  are  found 
at  Puryear.  Though  slightly  smaller  they  are 
otherwise  identical  in  outline  and  surface  with 
this  species,  described  by  Bowerbank  from  the 
Ypresian  of  the  Isle  of  Sheppey.  The  Wilcox 
identification  is  queried  because  of  the  uncer- 
tainty attending  the  recognition  of  specific 
characters  in  isolated  seeds. 

Occurrence. — ^Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

CoUectUm. — ^U.  S.  National  Museum. 

Order  GEBANIALES. 
Family  BTJTACEii:. 
Genus  FAGARA  Linn^. 
Faoara  pubyearensis  Berry,  n.  sp. 

Plate  LIV,  figure  8. 

Description. — Leaflets  broadly  eUiptical  in 
general  outline,  apex  and  base  equally  rounded. 
Length  about  4  centimeters  or  sHghtly  less. 


Maximum  width,  midway  between  the  apex 
and  the  base,  about  3  centimeters  or  slightly 
less.  Margins  entire,  evenly  rounded.  Tex- 
ture subcoriaceous.  Petiolule  practically 
lacking,  not  more  than  1  millimeter  in  length. 
Midrib  narrow,  straight,  and  prominent.  Sec- 
ondaries thin  but  well  marked;  four  or  five  op- 
posite to  alternate  pairs  diverge  from  the  mid- 
rib at  irregular  intervals  at  wide  angles  and 
sweep  upward  in  full,  even,  subparallel  curves, 
arching  camptodromely  subparallel  with  the 
margins.     Tertiaries  thin,  mostly  percurrent. 

This  present  species  is  readily  distinguishable 
from  the  other  Wilcox  species  of  Fagara.  It 
resembles  somewhat  certain  forms  of  Rhanma- 
cese  and  is  very  close  to  Fagara  vickshurgensis 
orbiculaiaj  a  form  of  Fagara  which  is  abundant 
in  the  deposits  of  the  Vicksburg  group,  but 
does  not  show  the  characteristic  pimctate 
markings  of  that  species. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Faoara  eocenica  Berry,  n.  sp. 

Plate  LV,  figure  6. 

Description. — ^Leaves  compound.  Leaflets 
small,  orbicular  or  broadly  elliptical  in  general 
outline,  as  a  rule  more  or  less  inequilateral,  apex 
and  base  equally  roimded.  Length  about  3.5 
centimeters.  Maximum  width,  midway  be- 
tween the  apex  and  the  base,  about  2.25  centi- 
meters. Margins  more  or  less  prominently  and 
somewhat  irregularly  crenate.  Texture  sub- 
coriaceous.  Petiolule  short  and  relatively  very 
stout,  curved,  about  2  millimeters  in  length. 
Midrib  stout,  inclined  to  be  slightly  flexuous. 
Secondaries  relatively  stout,  generally  five  al- 
ternate, irregularly  spaced  pairs;  they  diverge 
from  the  midrib  at  angles  of  about  50°,  are 
rather  straight  in  their  courses  at  first,  though 
they  differ  in  this  feature,  curve  upward  in  the 
marginal  region,  and  are  camptodrome.  Ter- 
tiaries obsolete. 

This  is  a  characteristic  species  clearly  alUed 
to  the  leaflets  of  the  existing  RutaceaB,  particu- 
larly of  the  genera  Xanthoxylum  Linn6  and 
Fagara  Linn6.  The  former  genus  consists  of 
about  10  species  of  shrubs  and  small  trees  in 
the  existing  flora,  distributed  between  Asia  and 
North  America  and  extending  northward  in 
North  America  as  far  as  Canada.     The  genus 
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Fagara,  on  the  other  hand,  embraces  a  large 
number  of  existing  species  of  shrubs  and  trees 
(between  100  and  150),  cosmopolitan  in  trop- 
ical and  subtropical  countries.  Fossil  forms  of 
the  type  of  Fagara  eocenica  are  as  a  rule  referred 
to  the  genus  Xanthoxylum,  no  well-established 
fossil  species  of  Fagara  being  known.  More 
than  a  score  of  post-Cretaceous  fossil  forms  have 
been  referred  to  Xanthoxylum,  but  few  of  these 
are  from  North  America,  the  majority  occurring 
in  the  European  Oligocene.  This  species  is  re- 
ferred to  Fagara  rather  than  to  Xanthoxylum, 
since  although  the  leaves  are  exactly  ahke  in 
the  two  genera  (the  absence  of  a  calyx  in 
Xanthoxylum  being  practically  the  only  diflFer- 
ence  between  the  two) ,  it  seems  very  probable 
that  Xanthoxylum  is  derived  from  Fagara 
through  the  loss  of  the  floral  calyx  and  by 
adaptation  to  cooler  and  otherwise  slightly  dif- 
ferent climatic  requirements  and  was  not  differ- 
entiated in  Eocene  times.  The  present  species 
resembles  numerous  existing  forms  with  crenate 
margins.  Except  for  its  larger  size  it  is  very 
close  to  Fagara  fagara  Small  of  our  present  Gulf 
coast. 

Occurrence, — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry) . 

Collection. — U.  S.  National  Museum. 

Faoara  hurletensis  Berry,  n.  sp. 

Plate  LIV,  figure  9. 

Description, — ^Leaves  pinnate.  Leaflets  small, 
elliptical  and  somewhat  inequilateral  in  gen- 
eral outline,  widest  in  the  upper  half  of  the 
leaflet.  Apex  and  base  rounded,  the  base  ine- 
quilateral. Length  about  2.7  centimeters. 
Maximum  width,  above  the  middle,  about  8 
millimeters.  Margins  entire.  Texture  coria- 
ceous; the  glandular  punctate  character  of  the 
foliage  is  well  shown  in  the  type  specimen. 
Petiolule  short  and  broad,  obhque,  about  1  mil- 
limeter in  length.  Midrib  stout  and  straight, 
prominent  on  the  lower  surface  of  the  leaflets. 
Secondaries  thin,  immersed  in  the  leaf  sub- 
stance; about  five  pairs  diverge  from  the  mid-, 
rib  at  acute  angles,  ascending  in  long  sweeping 
curves  and  becoming  camptodrome  in  the  mar- 
ginal region.     Tertiaries  obsolete. 

This  well-marked  species  shows  many  simi- 
larities to  leaflets  of  the  Mimosaceee,  Csesalpinia- 
cese,  and  PapUionaceae,  but  its  obviously  punc- 
tate character  renders  its  reference  to  Fagara 


almost  certain.  It  is  entirely  unlike  the  other 
Wilcox  species  but  may  be  matched  among  the 
numerous  existing  tropical  species. 

Occurrence. — Ackerman  formation,  Hurleys, 
Benton  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Genus  CTTROPHYLLUM  Beny. 

CiTROPHTLLLTkf  wiLCOXiANUM  Berry,  n.  sp. 

Plate  LV,  figure  3. 

Description. — Leaves  small,  ovate  in  outline, 
the  apex  rounded  or  bluntly  pointed  and  the 
base  rather  narrowly  cuneate.  Length  about 
3.5  to  4  centimeters.  Maximum  width  about 
1.4  centimeters,  halfway  between  the  apex 
and  the  base.  Margin  irregularly  crenate. 
Texture  very  coriaceous.  Petiole  stout,  about 
5  millimeter  in  length,  with  a  lateral  wing  on 
each  side  constricted  at  the  top,  where  there 
appears  to  be  an  abscission  line.  Midrib  stout, 
more  or  less  curved  and  immersed  in  the  thick 
lamina.  Secondaries  thin,  five  alternate  to 
opposite  pairs,  branching  from  the  midrib  at 
angles  of  about  45°,  curving  upward,  campto- 
drome, immersed  in  the  leaf  substance.  Ter- 
tiaries obsolete. 

This  species  is  clearly  different  from  the 
earlier  Cretaceous  CitrophyUum  aligerum  (Les- 
quereux)  Berry  and  from  the  later  Claiborne 
species  CitrophyUum  eocenicum  Berry.  It  ap- 
proaches very  close,  -however,  to  some  of  the 
modem  forms  of  Citrus  and  its  allies. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Fanuly  SHCABUBACEjB. 
Genus  SIMARUBA  Aublet 
SiMABUBA  EOCENICA  Berry,  n.  sp. 

Plate  LIV,  figure  7. 

Description. — ^Leaves  pinnate,  long  petioled, 
leaflets  opposite  to  alternate,  sessile.  Leaflets 
shghtly  inequilateral,  oblong-obovate  in  out- 
line, roimded  or  shghtly  emarginate  at  the 
apex  and  cuneate  at  the  base.  Length  about 
4  to  4.5  centimeters.  Maximum  width,  at  or 
above  the  middle,  about  1.7  centimeters. 
Margins  entire,  evenly  curved.  Texture  cori- 
aceous.    Petiolule  stout,  reduced  to  not  more 
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than  1  millimeter  in  length,  so  that  the  leaflets 
are  practically  sessile.  Midrib  stout  and 
curved,  prominent  on  the  lower  surface  of  the 
leaflets.  Secondaries  thin,  largely  immersed 
in  the  leaf  substance;  five  or  six  subopposite 
pairs  diverge  from  the  midrib  at  angles  of  about 
50°,  curving  upward  and  camptodrome  in  the 
marginal  region.  Tertiaries  obsolete  by  im- 
mersion in  the  leaf  substance. 

This  form  clearly  represents  a  Wilcox  species 
of  the  genus  Simaruba  (or  Simarouba  as  it  is 
often  spelled,  the  Carib  name  of  one  of  the 
species).  The  genus  contains  a  few  existing 
species,  confined  to  tropical  America  and  dis- 
tributed from  southern  peninsular  Florida 
through  the  West  Indies  to  Guatemala  and 
Brazil.  The  fossil  species  is  very  close  to 
Simaruba  glauca  De  Candolle,  the  paradise 
tree  or  bitterwood,  which  is  the  only  species 
that  reaches  Florida  from  the  West  Indies.  It 
is  a  tree  of  considerable  size  and  lives  near  the 
coast  throughout  the  West  Indies,  and  also  in 
Nicaragua  and  northern  Brazil.  The  fossil 
may  also  be  compared  with  the  existing  Sim- 
arvha  officinalis  De  CandoUe.  It  also  resem- 
bles some  of  the  existing  and  fossil  species  of 
the  Papilionaceae,  such  as  Dalbergia;  the 
RhamnacesB,  such  as  Reynosia,  and  the  Sapo- 
taceae,  such  as  BumeUa. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museiun. 

Family  WRJJACKM. 
Genus  CARAPA  Aablet 

Carapa  EOLiONrriCA  Berry,  n.  sp. 

Plates  LV,  figure  4,  and  LX,  figxire  4. 

Description. — ^Leaves  digitately  compound. 
Leaflets  lai^,  elongate-elliptical  in  outline. 
Length  ranges  from  12  to  20  centimeters. 
Maximum  width,  at  a  point  midway  between 
the  apex  and  base,  ranges  from  3.5  to  5.5  centi- 
meters. Margins  slightly  undulate.  Texture 
coriaceous.  Apex  narrowly  rounded.  Base  a 
counterpart  of  the  apex  or  slightly  broader. 
Midrib  stout,  slightly  flexuous.  Secondaries 
stout,  numerous,  subparallel,  somewhat  irregu- 
larly spaced,  about  13  alternate  pairs;  they 
diverge  from  the  midrib  at  wide  angles,  curve 
regularly  upward,  and  are  camptodrome  paral- 
lel with  the  margins  and  close  to  them.    Ter- 


tiaries mostly  obsolete;  where  seen  they  are 
thin  and  percurrent. 

This  striking  form  resembles  existing  species 
in  several  families.  It  suggests  some  Combre- 
tacesB  and  numerous  Magnoliacese,  such  as  Mag- 
nolia foetida  Sargent,  of  our  Southern  States. 
Among  recent  forms  with  which  it  has  been 
compared  it  is  most  similar  to  Carapa  giiianen- 
sis  Aublet,  an  inhabitant  of  the  West  Indies 
and  tropical  South  America  (Venezuela,  Gui- 
ana, and  Brazil).  The  genus  Carapa  has  not, 
so  far  as  I  know,  been  previously  recorded  in 
the  fossil  state.  In  the  existing  flora  it  com- 
prises only  4  or  5  species,  which  are  confined  to 
tropical  America  and  tropical  western  Africa.* 

The  present  species  has  only  been  observed 
in  my  collections  from  one  locality,  where  it  is 
not  abimdant.  It  is  contaiQed  in  collections 
made  by  Loughridge  at  Wickliffe,  Ky.,  and 
labeled  Sapindus  duhius.  It  was  also  collected 
at  that  locality  by  Glenn. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry),  and  Wickliflfe,  Bal- 
lard County,  Ky.  (collected  by  R.  H.  Lough- 
ridge and  L.  C.  Glenn). 

Collection. — ^U.  S.  National  Museum. 

Genus  CEDRELA  Linnt. 

Cedbela  wilcoxiana  Berry,  n.  sp. 

Plate  LVI,  figure  1. 

Description. — Leaflets  small,  lanceolate  in 
outline,  the  apex  narrowed  and  acute,  and  the 
base  slightly  less  narrowed  and  acute.  Length 
about  2.2  centimeters.  Maximum  width,  in 
the  middle  part  of  the  leaf,  about  6  millimeters. 
Margins  entire.  Leaf  substance  thick.  Tex- 
ture coriaceous.  Petiolule  short  and  stout, 
curved,  about  2  millimeters  in  length.  Mid- 
rib stout,  channeled  on  the  upper  surface,  and 
prominent  on  the  imder  surface  of  the  leaflet. 
Secondaries  thin,  immersed  in  the  leaf  sub- 
stance, seven  or  eight  opposite  to  alternate 
pairs,  irregularly  spaced,  the  angles  of  diver- 
gence generally  wide,  the  course  at  first 
straight,  curving  abruptly  in  the  marginal  re- 
gion to  form  broad  camptodrome  arches,  sub- 
parallel  with  the  margins. 

This  species  is  the  smallest  of  the  three 
species  of  Cedrela  that  have  been  recognized  in 

^  The  oriental  mangrove,  Carapa  obovata  Blume,  and  the  beach  plant, 
Carapa  mduccenais  Lamarck,  are  referred  by  Harms  to  the  allied  genus 
Xylocarpus  Koenig. 
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the  Wilcox  flora.  It  differs  from  Cedrela  pur- 
yearensis  Berry,  the  one  that  it  most  resembles, 
in  its  narrower  form,  thicker  leaf  substance, 
more  obsolete  venation,  more  numerous  sec- 
ondaries, and  shorter  petiole.  Cedrela  missis- 
sippiensis  Berry,  another  Wilcox  species,  is 
not  likely  to  be  confused  with  the  present  form, 
since  it  is  a  larger,  slightly  inequilateral  leaf, 
widest  proximad,  and  has  a  coarse  prominent 
venation.  It  resembles  somewhat  certain  Wil- 
cox species  of  leaflets  of  Caesalpiniaceae  and 
Mimosacese. 

The  genus  Cedrela  is  no  longer  represented 
in  the  United  States,  its  nine  or  ten  existing 
species  being  confined  to  tropical  America, 
mostly  on  the  mainland.  Unger  many  years 
ago  described  two  species  of  Cedrela  (C.  euro~ 
paea  and  C,  radohojana)  from  the  Miocene  of 
Radoboj  in  Croatia.  The  supposed  rutaceous 
Protamyris  radohojana  *  of  Unger  is  also  refer- 
able to  Cedrela,  according  to  Ettingshausen,* 
who  enumerated  but  never  described  Cedrela 
primigenia  from  the  Eocene  of  Alum  Bay, 
England  (Ypresian). 

Occurrence. — Holly  Springs  sand,  Holly 
Springs,  Marshall  Coimty,  Miss,  (collected  by 
E.  W.  Berry).  Lagrange  formation  (in  beds 
of  Wilcox  age) ,  Ptuyear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collections. — U.  S.  National  Museum. 

Cedrela  mississippiensis  Berry,  n.  sp. 

Plate  LV,  figure  5. 

Description. — ^Leaflets  small,  ovate-lanceo- 
late in  outline,  the  apex  somewhat  abruptly 
pointed  and  the  base  rounded,  decidedly  in- 
equilateral. Length  about  4.5  centimeters. 
Maximum  width,  at  a  point  below  the  middle, 
about  1.1  centimeters.  Margins  entire,  regu- 
larly and  fully  rounded.  Texture  coriaceous. 
Petiolule  not  enlarged,  about  3  to  4  millimeters 
in  length.  Midrib  very  stout,  curved,  very 
prominent  on  the  lower  surface  of  the  leaflet. 
Secondaries  stout,  prominent  on  the  lower  sur- 
face, somewhat  imequally  spaced  and  irregu- 
larly exuded;  about  eight  prevailingly  alter- 
nate pairs  diverge  from  the  midrib  mostly  at 
wide  angles,  60°  to  80°.  They  are  rather 
straight  at  first  and  then  sharply  curved  up- 
ward to  form  camptodrome  arches  subparallel 

t  Unger,  Franz,  Sylloge  plantanun  fossfUtun,  pt.  1,  p.  47,  pi.  21,  tig.  16, 
1859. 
'Ettingshauseai,  C.  von,  Roy.  Soo.  London  Proc.,  vol.  30,  p.  235, 1880. 


with  the  margins.  Tertiaries  relatively  promi- 
nent, forming  small  marginal  arches  and  in- 
ternal three,  four,  or  five  sided  relatively  large 
meshes. 

This  is  larger  than  the  preceding  Wilcox 
species  of  Cedrela,  and  is  readily  distinguish- 
able from  the  others  by  the  characters  already 
enumerated.  It  is  more  like  a  leaflet  of  the 
Ca&salpiniacese  than  either  of  the  other  small 
species,  and  greatly  resembles  several  Wilcox 
species  of  Csesalpinites,  to  which,  however,  it 
is  believed  to  be  imrelated,  as  it  is  certainly 
perfectly  distinct.  It  is  much  like  the  exist- 
ing Cedrela  fissHis  Velloso  of  northern  South 
America. 

Occurrence. — Holly  Springs  sand.  Early 
Grove,  Marshall  County,  Miss,  (collected  by  E. 
W.  Berry). 

Collection. — ^U.  S.  National  Museiun. 

Cedrela  pubyearensis  Berry,  n.  sp. 

Plate  LVI,  figure  2. 

Description. — Leaflets  small,  lanceolate  in 
outline,  the  apex  narrowed,  acute,  and  the  base 
somewhat  roimded,  pointed,  and  equilateral 
Length  about  3.5  centimeters.  Maximum  width 
in  the  middle  part  of  the  leaflet  about  1  centi- 
meter. Margins  entire.  Texture  coriaceous. 
Petiole  relatively  long  and  stout,  about  7  milli- 
meters in  length.  Midrib  stout,  curved,  and 
prominent.  Secondaries  thin,  about  five,  dis- 
tant, subopposite  pairs;  they  diverge  from  the 
midrib  at  wide  angles  and  may  be  straight  at 
first,  but  as  a  rule  curve  slightly  upward  to  a 
point  about  two-thirds  of  the  distance  to  the 
margin,  where  the  curvature  is  rapidly  accel- 
erated to  form  wide  camptodrome  arches  sub- 
parallel  with  the  lateral  margins. 

The  figured  specimen  of  this  species  has  a 
large  insect  gall  at  the  top  of  the  petioliile, 
which  has  caused  some  abnormality,  but  not 
enough  to  obscure  the  essential  characters  of 
the  leaflet.  It  was  chosen  for  illustration  in- 
stead of  a  perfectly  normal  leaflet,  since  the 
gall  adds  an  item  to  our  knowledge  of  the  WU- 
cox  biota. 

This  species  is  somewhat  similar  to  Cedrela 
wilcoxiana  Berry,  but  is  larger,  relatively  as 
well  as  actually  wider,  thinner,  and  has  fewer 
secondaries  and  more  prominent  venation.  It 
differs  from  Cedrela  mississippiensis  Berry  in 
its  smaller  size,  equilateral  lanceolate  form, 
longer  petiole,  and  less  stout  venation. 
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Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

CoUection. — ^U.  S.  National  Museum. 

Cedbela  odoeatifolia  Berry,  n.  sp. 

Plate  LVII,  figure  7. 

Description. — Leaflets  lai^e,  elongate-ovate 
in  general  outline,  the  base  abruptly  pointed, 
inequilateral,  and  the  tip  extended,  gradually 
narrowed,  and  eventually  bluntly  pointed. 
Length  about  13  centimeters.  Maximum 
width,  in  the  lower  half  of  the  leaflet,  about 
2.25  centimeters.  Mai^ns  entire,  somewhat 
irregularly  curved.  Texture  subcoriaceous. 
Midrib  stout  and  prominent  proximad,  becom- 
ing thin  in  the  tip  of  the  leaf.  Secondaries 
numerous,  subopposite  to  alternate;  more  than 
20  pairs  diverge  from  the  midrib  at  wide  angles, 
averaging  about  60°.  They  are  regularly 
curved  and  camptodrome.    Tertiaries  obsolete. 

This  well-marked  species  of  Cedrela  is  very 
much  larger  than  the  other  three  WUcox  spe- 
cies, with  which  there  is  no  danger  of  confusing 
it.  Among  existing  species  it  is  very  close  to 
the  Antillean  Cedrela  odorata  LinnS,  which 
resemblance  has  suggested  the  name  of  the 
fossil  species,  whose  leaflets  are  somewhat  nar- 
rower than  those  of  the  existing  species.  It  is 
practically  identical  with  an  unnamed  existing 
species  of  Cedrela  figured  by  Ettingshausen.* 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Coimty,  Tenn, 
(collected  by  E.  W.  Berry). 

CoUection. — ^U.  S.  National  Museum. 

Family  HUMIItlACEJB. 
^  Genus  VANTANEA  Aublet 

Vantanea  wilcoxiana  Berry,  n.  sp. 

Plate  LIV,  figure  6. 

Description. — Leaves  small,  broadly  lance- 
olate and  sUghtly  inequilateral  in  general  out- 
line, widest  near  the  middle,  margins  full  and 
incurved  to  the  narrowed  but  obtusely  pointed 
tip  and  to  the  decurrent  base.  Length  about 
5  centimeters  or  shghtly  more.  Maximum 
width  about  2  centimeters.  Margins  entire. 
Texture  coriaceous.  Petiole  short  and  stout, 
not  produced  beyond  the  decurrent  Umbs  of  the 
lamina.  Midrib  stout  and  hgneous,  becoming 
thin  distad,not  especially  prominent,  somewhat 

lEttlDgshauaeii,  C.  von,  Blatt^skelete  der  Dikotyledonen,  pi.  55,  fig.  7, 
1861. 


flexuous.  Secondaries  thin  but  prominent, 
about  nine  subopposite  to  alternate  pairs, 
diverging  from  the  midrib  at  angles  of  45°  to 
55°,  pursuing  a  rather  straight  com^e  until 
they  reach  the  marginal  region,  where  they 
curve  upward  in  a  brachiodrome  manner. 
Tertiaries  weU  marked,  comprising  some 
branches  from  the  midrib  parallel  with  the 
secondaries,  curved  transverse  nervilles,  and 
finer  connecting  nervilles,  forming  open,  isodi- 
ametric,  four  or  five  sided  meshes. 

This  species  is  correlated  with  the  genus 
Vantanea,  which  contains  five  or  six  existing 
species  in  Brazil  and  Guiana,  the  one  most 
similar  to  the  fossil  being  Vantanea  panicrdata 
Urban.  The  family  HumiriacesB  is  much 
reduced  in  the  modern  flora  and  comprises  but 
S  genera  and  about  20  species  of  shrubs  and 
trees,  which  with  the  exception,  of  one  species 
of  West  Africa  are  confined  to  northern  South 
America. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry).  Wilcox  group,  3^ 
miles  southeast  of  Naborton,  De  Soto  Parish, 
La.  (collected  by  G.  C.  Matson). 

Collections. — ^U.  S.  National  Museum. 

Family  MALPIQHIACEiS. 
Genus  BANISTERIA  Limit. 

Banisteria  pseudolaurifolia  Berry,  n.  sp. 

Platee  LVI,  figures  6  and  7,  and  OX,  figures  1  and  2. 

Description. — Leaves  of  variable  size,  ovate- 
lanceolate  in  outline,  the  apex  narrowly  pointed 
and  the  base  broadly  pointed.  Length  ranges 
from  8  to  12.5  centimeters.  Maximum  width 
ranges  from  2.4  to  4.8  centimeters,  in  the  basal 
half  of  the  leaf.  Margins  entire,  fuU,  and 
rather  evenly  rounded;  toward  the  tip  they 
may  recurve  slightly  and  the  tip  may  be 
slightly  extended.  Petiole  stout,  generally 
curved,  about  1  centimeter  in  length.  Midrib 
stout.  Secondaries  thin,  9  or  10  opposite  to 
alternate  pairs,  somewhat  irregularly  and 
widely  spaced;  they  branch  from  the  midrib  at 
wide  angles,  averaging  about  60°,  curving 
upward,  camptodrome.  Tertiaries  largely  ob- 
solete, arching  in  the  marginal  region  and  form- 
ing rather  open,  mostly  polygonal,  meshes  in- 
ternally.   Textile  coriaceous. 

This  species  is  characteristic  and  rather 
common  in  the  upper  part  of  the  Mississippi 
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Gulf.  It  may  be  distinguished  from  the  asso- 
ciated Banisteria  wiicoxiana  Berry  by  its  larger 
size  and  more  broadly  rounded  base.  It  is 
named  from  its  very  great  resemblance  to  the 
existing  Central  American  Banisteria  lauri- 
jolia  Linn6.*  The  genus  comprises  between  70 
and  80  species,  exclusively  American,  the  ma- 
jority climbing  shrubs,  and  largely  developed 
in  tropical  South  America,  being  most  numer- 
ous in  Brazil. 

Several  Tertiary  species  are  known  from  the 
European  area,  where  they  are  represented  by 
both  the  foliage  and  the  characteristic  fruits. 
These  species,  with  the  exception  of  Banisteria 
jtiglandoides  Watelet '  from  the  Ypresian  of  the 
Paris  Basin,  a  horizon  homotaxial  with  the 
Wilcox,  are  aU  somewhat  younger  than  the 
Wilcox  species,  the  oldest  other  species  being 
Banisteria  vasseuA  Laurent*  from  the  Tong- 
rian  of  France,  which  is  somewhat  larger  than 
Banisteria  pseudolaurifolia  but  is  identical  in 
outline  and  secondary  venation,  though  it  dif- 
fers in  its  tertiary  venation.  Another  very 
similar  Oligocene  species  is  Banisteria  sotzJdana, 
which  is  described  by  Ettingshausen  *  from  the 
Styrian  lignites  and  compared  with  the  existing 
Banisteria  laurifolia.  It  is  a  trifle  more  slender, 
and  has  somewhat  more  ascending  secondaries 
than  the  Wilcox  form.  A  third  and  strictly 
congeneric  form  was  described  by  Heer  *  from 
the  Aquitanian  of  Switzerland  as  Banisteria 
helvetica'.  It  is  very  similar  to  the  present 
species.  There  are  still  other  fossil  species, 
based  on  both  leaves  and  fruit. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear^  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry) ;  and  WickMe,  Bal- 
lard County,  Ky.  (collected  by  L.  C.  Glenn). 

Collections. — U.  S.  National  Museum. 

Banisteria  repandifolia  Berry,  n.  sp. 

Plate  LVI,  figures  3  and  4. 

Description. — Leaves  of  medium  size,  oblong- 
ovate    in    general    outline.     Apex    narrowed, 

^  Referred  to  the  genus  Heteropterys  Kunth  by  Hemslcy  In  his  Flora 
of  Central  America  (vol.  1,  p.  150,  1888).  It  ranges  from  southern 
Mexico  through  the  West  Indies  and  Central  America  to  Colombia. 

>  Watelet,  A.,  Description  des  plantes  fossiles  du  bassin  de  Paris,  p. 
226,  pi.  56,  fig.  6,  1866. 

*  Laurent,  Louis,  Flore  des  calcalres  de  C^las,  p.  124,  pi.  13,  figs.  3,  4, 
1899. 

<  Ettingshausen,  C.  von,  BeitrHgezur  Kenntnlssder  fossilen  Flora  von 
Sotzka,  p.  68,  pU  3,  fig.  5,  1858. 

»IIeer,  Oswald,  Flora  tertiarla  Ilelvetise,  vol.  3,  p.  65,  pi.  121,  fig.  8, 
1859. 


sharply  pointed,  generally  produced  as  a  nar- 
row and  more  or  less  elongated  acumen.  Base 
broadly  rounded.  Length  about  12  centi- 
meters. Maximum  width,  in  the  middle  part  of 
the  leaf,  4  to  4.5  centimeters.  Margins  entire, 
more  or  less  strongly  repand,  and  in  many  speci- 
mens slightly  revolute.  Leaf  substance  thick 
and  coriaceous.  Petiole  short  and  stout,  ex- 
panded and  more  or  less  alate,  about  1  centi- 
meter in  length  and  about  3  milUmeters  in 
maximum  width,  in  the  middle  portion.  Mid- 
rib stout  and  straight,  becoming  somewhat 
thinner  and  curved  in  the  acumen,  prominent 
on  the  lower  surface  of  the  leaf.  Secondaries 
thin,  alternate,  widely  spaced,  more  or  less  im- 
mersed in  the  thick  leaf  substance;  8  to  10 
pairs  diverge  from  the  midrib  at  angles  of  about 
55°.  They  are  irregularly  spaced,  of  varying 
but  mostly  slight  degrees  of  curvature  until  the 
marginal  region  is  reached,  where  they  curve 
abruptly  to  form  broad  camptodrome  arches 
subparallel  with  the  margins.  Tertiaries  thin 
but  distinct  on  the  lower  surface  of  the  leaf, 
forming  marginal  camptodrome  arches  and  in- 
ternal, generally  quadrangular  meshes.  Areo- 
lation  fine,  mainly  quadrangular.  Leaf  sub- 
stance either  minutely  punctate  or  scurfy.  A 
small  leaf  of  this  species,  measuring  8  centime- 
ters in  length  by  3.5  centimeters  in  maximum 
width,  has  a  stout,  longitudinally  striated  peti- 
ole 1.3  centimeters  in  length. 

This  species  is  not  at  all  like  the  associated 
species,  Banisteria  wiicoxiana  Berry,  but  re- 
sembles more  or  less  the  other  Wilcox  species, 
Banisteria  pseudolaurifolia  Berry.  Points  of 
difference  are  its  broadly  rounded  base,  peculiar 
alate  petiole,  produced  tip,  subparallel  lateral 
mai^ins,  and  textural  characters.  There  is 
some  question  whether  or  not  the  smaller  speci- 
men figured  is  identical  with  the  larger  speci- 
men, which  is  less  repand  and  has  its  seconda- 
ries arching  farther  from  the  margins.  The  two 
specimens  may  represent  distinct  but  closely 
related  forms.  As  interpreted  they  are  taken 
to  represent  variations  of  a  single  species. 

This  species  is  not  unhke  other  and  imrelated 
members  of  tlie  Wilcox  flora,  for  example  Cor- 
dia  eocenica  Berry  and  some  of  the  leaves  of 
Ficus  puryearensis  Berry.  It  may  be  distin- 
guished from  both  of  these  superficially  similar 
species  by  its  more  oblong  form,  pecuUar  peti- 
ole, acuminate  tip,  repand  margins,  general 
texture,  and  details  of  venation. 
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Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(coUected  by  E.  W.  Berry). 

Collections. — ^U.  S.  National  Museum. 

Banisteria  welcoxiana  Berry,  n.  sp. 

Plate  LVI,  figure  5. 

Sapindus  dubius.    Leequereux  (part),  U.  S.  Nat.  Mub. 
Proc.,  vol.  11,  p.  13,  1888. 
Loughridge  (part),  Report  on  the  geological  and  eco- 
nomic features  of  the  Jackson's  purchase  region, 
p.  198,  1888. 

Description. — Leaves  broadly  lanceolate  in 
outline.  Apex  narrowly  pointed.  Base  some- 
what more  broadly  pointed  than  the  apex. 
Length  about  8  centimeters.  Maximum  width 
about  2.5  centimeters,  at  a  point  about  halfway 
between  the  apex  and  the  base.  Margin  entire. 
Texture  coriaceous.  Petiole  stout,  curved, 
less  than  1  centimeter  in  length,  tumid  proxi- 
mad.  Midrib  stout  and  prominent  on  lower 
surface  of  the  leaf.  Secondaries  thin,  8  to  10 
subopposite  pairs,  branching  from  the  midrib 
at  angles  of  about  55°,  rather  straight  at  first, 
then  curving  upward  and  camptodrome.  Ter- 
tiaries  mostly  obsolete. 

This  species  is  much  like  the  preceding  species 
but  differs  in  its  smaller  size,  more  lanceolate 
form,  and  straighter  secondaries.  It  is  much 
hke  Banisteria  laurifolia  of  the  American  trop- 
ics and  very  similar  to  the  Oligocene  form,  Ba- 
nisteria sotzkianay  described  by  Ettingshausen^ 
from  Sotzka,  Styria.  It  is  apparently  less  com- 
mon in  the  Wilcox  than  the  preceding  species. 
Specimens  collected,  from  Wickliffe  many  years 
ago  were  identified  by  Lesquereux  as  Sapindus 
dvhius. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Wickliffe,  BaUard  County,  Ky. 
(collected  by  R.  H.  Loughridge),  and  IJ  miles 
west  of  Grand  Junction,  in  Fayette  County, 
Tenn.  (collected  by  E.  W.  Berry). 

CoUecti(ms. — U.  S.  National  Museum. 

Banisteria  fructuosa  Berry,  n.  sp. 

Plate  LVI,  figures  8  and  9. 

Description. — Small  winged  fruit  or  samara, 
about  twice  as  long  as  high,  the  lower  margin 
evenly  roxmded,  the  column  straight  and  thick- 
ened and  t^e  upper  margin  imdulate,  the 
oblique   tip   roxmded.     Essential  part  of   the 

1  Ettingshataen,  C.  vod,  Beltrage  zur  Kenntniss  der  fcssiton  Flora 
Ton  Sotika,  p.  68,  pi.  3,  fig.  5,  1858. 
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fruit  small.  Wing  of  considerable  consistency, 
showing  about  16  veins,  curving  subparallel 
with  the  lower  margin,  in  places  forked  or 
anastomosing  but  mostly  free,  terminating  in 
the  upper  margin. 

These  fruits  show  the  usual  resemblance  to 
the  winged  fruits  and  seeds  of  a  variety  of 
modem  forms,  particularly  to  certain  genera  of 
the  family  Proteacese.  They  are  not  referable 
to  this  family,  however,  since  their  true  affini- 
ties are  with  the  subtribe  Banisteriinse  of  the 
Malpighiacese,  especially  the  genera  Banisteria 
Linn4,  Heteropteris  Jussieu,  Stigmatophyllon 
Jussieu,  Schwannia  Endlicher,  Janusia  Jussieu, 
and  the  like.  The  tribe  contains  many  species 
and  is  almost  confined  to  tropical  and  subtrop- 
ical America  in  the  existing  flora,  making  its 
greatest  display  in  northern  South  America. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry) . 

Collection. — ^U.  S.  National  Museum. 

Genus  HIRiEA  Jacqiiin. 

HiB^A  wiLcoxiANA  Berry,  n.  sp. 

Plates  LVII,  figure  8,  and  CIX,  figure  6. 

Description. — ^Leaves  ovate-lanceolate  and 
more  or  less  falcate  in  general  outline,  widest 
below  the  middle,  tapering  to  the  cimeate  base 
and  more  gradually  upward  to  the  narrowly 
extended  acuminate  tip.  Length  about  10 
centimeters  or  slightly  more.  Maximum  width 
about  3.3  centimeters.  Margins  entire.  Tex- 
ture subcoriaceous.  Petiole  very  stout,  curved, 
channeled,  about  1  centimeter  in  length.  Mid- 
rib curved,  very  stout  and  prominent  on  the 
lower  surface  of  the  leaf,  channeled  on  the 
upper  surface.  Secondaries  relatively  thin, 
not  prominent;  about  10  to  12  subopposite  to 
alternate  pairs  diverge  from  the  midrib  at 
angles  of  about  55°.  They  are  relatively 
straight  xmtil  they  approach  the  margins, 
where  they  curve  more  abruptly  and  are  camp- 
todrome. Tertiarios  thin  and  largely  obso- 
lete, mostly  close  and  percurrent,  their  prevail- 
ing course  nearly  at  right  angles  to  the  midrib. 

This  species  is  closely  comparable  with  the 
leaves  of  the  existing  species  of  Hirsea.  The 
modem  forms  are  exclusively  American.  They 
number  more  than  a  score  and  range  from 
Mexico  and  the  Antilles  throughout  northern 
South  America  to  Peru.     Ettingshausen  *  has 

lEttingshausen,  C.  von,  Roy.  Soc.  London  Proc.,  vol.  30,  p.  235, 1880. 
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the  Wilcox  flora.  It  differs  from  Cedrela  pur- 
yearensis  Berry,  the  one  that  it  most  resembles, 
in  its  narrower  form,  thicker  leaf  substance, 
more  obsolete  venation,  more  numerous  sec- 
ondaries, and  shorter  petiole.  Cedrela  missis- 
sippiensis  Berry,  another  Wilcox  species,  is 
not  likely  to  be  confused  with  the  present  f onn, 
since  it  is  a  larger,  slightly  inequilateral  leaf, 
widest  proximad,  and  has  a  coarse  prominent 
venation.  It  resembles  somewhat  certain  Wil- 
cox species  of  leaflets  of  Caesalpiniacese  and 
Mimosacese. 

The  genus  Cedrela  is  no  longer  represented 
in  the  United  States,  its  nine  or  ten  existing 
species  being  confined  to  tropical  America, 
mostly  on  the  mainland.  Unger  many  years 
ago  described  two  species  of  Cedrela  (C.  euro^ 
paea  and  C.  radobojana)  from  the  Miocene  of 
Radoboj  in  Croatia.  The  supposed  rutaceous 
Protamyris  radobojana  ^  of  Unger  is  also  refer- 
able to  Cedrela,  according  to  Ettingshausen,* 
who  enumerated  but  never  described  Cedrela 
primigenia  from  the  Eocene  of  Alum  Bay, 
England  (Ypresian). 

Occurrence. — Holly  Springs  sand,  Holly 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry).  Lagrange  formation  (in  beds 
of  Wilcox  age) ,  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry). 

CoUedions. — ^U.  S.  National  Museum. 

Cedrela  mississippiensis  Berry,  n.  sp. 

Plate  LV,  figure  5. 

Description. — Leaflets  small,  ovate-lanceo- 
late in  outline,  the  apex  somewhat  abruptly 
pointed  and  the  base  roimded,  decidedly  in- 
equilateral. Length  about  4.5  centimeters. 
Maximum  width,  at  a  point  below  the  middle, 
about  1.1  centimeters.  Margins  entire,  regu- 
larly and  fully  rounded.  Texture  coriaceous. 
Petiolule  not  enlarged,  about  3  to  4  millimeters 
in  length.  Midrib  very  stout,  curved,  very 
prominent  on  the  lower  surface  of  the  leaflet. 
Secondaries  stout,  prominent  on  the  lower  sm*- 
face,  somewhat  unequally  spaced  and  irregu- 
larly curved;  about  eight  prevailingly  alter- 
nate pairs  diverge  from  the  midrib  mostly  at 
wide  angles,  60®  to  80°.  They  are  rather 
straight  at  first  and  then  sharply  curved  up- 
ward to  form  camptodrome  arches  subparallel 

1  Unger,  Franz,  Sylloge  plantanmi  fossilitun,  pt.  1,  p.  47,  pi.  21,  fig.  16, 
1859. 
sEttingshausen,  C.  von,  Roy.  Soo.  London  Proc.,  vol.  30,  p.  235, 1880. 


with  the  margins.  Tertiaries  relatively  promi- 
nent, forming  small  maiginal  arches  and  in- 
ternal three,  four,  or  five  sided  relatively  lai^ 
meshes. 

This  is  larger  than  the  preceding  Wilcox 
species  of  Cedrela,  and  is  readily  distinguish- 
able from  the  others  by  the  characters  already 
enumerated.  It  is  more  Uke  a  leaflet  of  the 
Caesalpiniaceae  than  either  of  the  other  small 
species,  and  greatly  resembles  several  Wilcox 
species  of  Caesalpinites,  to  which,  however,  it 
is  behoved  to  be  unrelated,  as  it  is  certainly 
perfectly  distinct.  It  is  much  like  the  exist- 
ing Cedrela  jissilis  Velloso  of  northern  South 
America. 

Occurrence. — Holly  Springs  sand.  Early 
Grove,  Marshall  County,  Miss,  (collected  by  E. 
W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Cedrela  purtearensis  Berry,  n.  sp. 

Plate  LVI,  figure  2. 

Description. — ^Leaflets  small,  lanceolate  in 
outline,  the  apex  narrowed,  acute,  and  the  base 
somewhat  rounded,  pointed,  and  equilateral. 
Length  about  3.5  centimeters.  Maximum  width 
in  the  middle  part  of  the  leaflet  about  1  centi- 
meter. Margins  entire.  Texture  coriaceous. 
Petiole  relatively  long  and  stout,  about  7  milli- 
meters in  length.  Midrib  stout,  curved,  and 
prominent.  Secondaries  thin,  about  five,  dis- 
tant, subopposite  pairs;  they  diverge  from  the 
midrib  at  wide  angles  and  may  be  straight  at 
first,  but  as  a  rule  curve  slightly  upward  to  a 
point  about  two-thirds  of  the  distance  to  the 
margin,  where  the  curvature  is  rapidly  accel- 
erated to  fortn  wide  camptodrome  arches  sub- 
parallel  with  the  lateral  margins. 

The  figured  specimen  of  this  species  has  a 
large  insect  gall  at  the  top  of  the  petiolule, 
which  has  caused  some  abnormality,  but  not 
enough  to  obsciu^e  the  essential  characters  of 
the  leaflet.  It  was  chosen  for  illustration  in- 
stead of  a  perfectly  normal  leaflet,  since  the 
gall  adds  an  item  to  our  knowledge  of  the  Wil- 
cox biota. 

This  species  is  somewhat  similar  to  Cedrela 
wilcoxiana  Berry,  but  is  larger,  relatively  as 
well  as  actually  wider,  thmner,  and  has  fewer 
secondaries  and  more  prominent  venation.  It 
differs  from  Cedrela  mississippiensis  Berry  in 
its  smaller  size,  equilateral  lanceolate  form^ 
longer  petiole,  and  less  stout  venation. 


GEBANIALES. 


255 


Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

CoUedion, — ^U.  S.  National  Museum. 

Cedbela  odoratifolia  Berry,  n.  sp. 

Plate  LVII,  figure  7. 

Description. — Leaflets  large,  elongate-ovate 
in  general  outline,  the  base  abruptly  pointed, 
inequilateral,  and  the  tip  extended,  gradually 
narrowed,  and  eventually  bluntly  pointed. 
Length  about  13  centimeters.  Maximum 
width,  in  the  lower  half  of  the  leaflet,  about 
2.25  centimeters.  Margins  entire,  somewhat 
irregularly  curved.  Texture  subcoriaceous. 
Midrib  stout  and  prominent  proximad,  becom- 
ing thin  in  the  tip  of  the  leaf.  Secondaries 
numerous,  subopposite  to  alternate;  more  than 
20  pairs  diverge  from  the  midrib  at  wide  angles, 
averaging  about  60°.  They  are  regularly 
curved  and  camptodrome.    Tertiaries  obsolete. 

This  well-marked  species  of  Cedrela  is  very 
much  larger  than  the  other  three  Wilcox  spe- 
cies, with  which  there  is  no  danger  of  confusing 
it.  Among  existing  species  it  is  very  close  to 
the  AntiUean  Cedrela  odorata  Linn6,  which 
resemblance  has  suggested  the  name  of  the 
fossil  species,  whose  leaflets  are  somewhat  nar- 
rower than  those  of  the  existing  species.  It  is 
practically  identical  with  an  unnamed  existing 
species  of  Cedrela  figured  by  Ettingshausen.* 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — ^U.  S.  National  Museum. 

Family  HUMIItlACEiS. 
Genus  VANTANEA  Aablet 

Vantanea  wilcoxiana  Berry,  n.  sp. 

Plate  LIV,  figure  6. 

Description, — Leaves  small,  broadly  lance- 
olate and  shghtly  inequilateral  in  general  out- 
line, widest  near  the  middle,  margins  full  and 
incurved  to  the  narrowed  but  obtusely  pointed 
tip  and  to  the  decurrent  base.  Length  about 
5  centimeters  or  slightly  more.  Maximum 
width  about  2  centimeters.  Margins  entire. 
Textiu*e  coriaceous.  Petiole  short  and  stout, 
not  produced  beyond  the  decurrent  hmbs  of  the 
lamina.  Midrib  stout  and  hgneous,  becoming 
thin  distad^not  especially  prominent,  somewhat 

lEttiDgsbauseDy  C.  yon,  Blatt-ekelete  der  Dikotyledonen,  pi.  55,  fi£.  7, 
1861. 


flexuous.  Secondaries  thin  but  prominent, 
about  nine  subopposite  to  alternate  pairs, 
diverging  from  the  midrib  at  angles  of  45°  to 
55°,  pursuing  a  rather  straight  course  until 
they  reach  the  marginal  region,  where  they 
cwrsre  upward  in  a  brachiodrome  manner. 
Tertiaries  well  marked,  comprising  some 
branches  from  the  midrib  parallel  with  the 
secondaries,  curved  transverse  nervUles,  and 
finer  connecting  nervUles,  forming  open,  isodi- 
ametric,  four  or  five  sided  meshes. 

This  species  is  correlated  with  the  genus 
Vantanea,  which  contains  five  or  six  existing 
species  in  Brazil  and  Guiana,  the  one  most 
similar  to  the  fossil  being  Vantanea  paniculaia 
Urban.  The  family  HmniriacesB  is  much 
reduced  in  the  modern  flora  and  comprises  but 
S  genera  and  about  20  species  of  shrubs  and 
trees,  which  with  the  exception,  of  one  species 
of  West  Africa  are  confined  to  northern  South 
America. 

Occurrence, — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry).  Wilcox  group,  3^ 
miles  southeast  of  Naborton,  De  Soto  Parish, 
La.  (collected  by  G.  C.  Matson). 

Collections. — U.  S.  National  Museum. 

Family  MALPIQHIACEiS. 

Genus  BANISTERIA  Limit. 

Banisteria  pseudolaurifolia  Berry,  n.  sp. 

Plates  LVI,  figures  6  and  7,  and  CX,  figures  1  and  2. 

Description. — ^Leaves  of  variable  size,  ovate- 
lanceolate  in  outline,  the  apex  narrowly  pointed 
and  the  base  broadly  pointed.  Length  ranges 
from  8  to  12.5  centimeters.  Maximum  width 
ranges  from  2.4  to  4.8  centimeters,  in  the  basal 
half  of  the  leaf.  Margins  entire,  full,  and 
rather  evenly  rounded;  toward  the  tip  they 
may  recurve  slightly  and  the  tip  may  be 
slightly  extended.  Petiole  stout,  generally 
curved,  about  1  centimeter  in  length.  Midrib 
stout.  Secondaries  thin,  9  or  10  opposite  to 
alternate  pairs,  somewhat  irregularly  and 
widely  spaced;  they  branch  from  the  midrib  at 
wide  angles,  averaging  about  60°,  curving 
upward,  camptodrome.  Tertiaries  largely  ob- 
solete, arching  in  the  marginal  region  and  form- 
ing rather  open,  mostly  polygonal,  meshes  in- 
ternally.   Texture  coriaceous. 

This  species  is  characteristic  and  rather 
common  in  the  upper  part  of  the  Mississippi 
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Gulf.  It  may  be  distinguished  from  the  asso- 
ciated Banisieria  wUcoxiana  Berry  by  its  lai^er 
size  and  more  broadly  rounded  base.  It  is 
named  from  its  very  great  resemblance  to  the 
existing  Central  American  Banisieria  lauri- 
jolia  Linn6.*  The  genus  comprises  between  70 
and  80  species,  exclusively  American,  the  ma- 
jority climbing  shrubs,  and  largely  developed 
in  tropical  South  America,  being  most  numer- 
ous in  Brazil. 

Several  Tertiary  species  are  known  from  the 
European  area,  where  they  are  represented  by 
both  the  foliage  and  the  characteristic  fruits. 
These  species,  with  the  exception  of  Banisieria 
juglandoides  Watelet '  from  the  Ypresian  of  the 
Paris  Basin,  a  horizon  homotaxial  with  the 
Wilcox,  are  all  somewhat  younger  than  the 
Wilcox  species,  the  oldest  other  species  being 
Banisieria  vasseuri  Laurent*  from  the  Tong- 
rian  of  France,  which  is  somewhat  lai^er  than 
Banisieria  psevdolaurifolia  but  is  identical  in 
outline  and  secondary  venation,  though  it  dif- 
fers in  its  tertiary  venation.  Another  very 
similar  Oligocene  species  is  Banisieria  soizldanay 
which  is  described  by  Ettingshausen  *  from  the 
Styrian  lignites  and  compared  with  the  existing 
Banisieria  laurifolia.  It  is  a  trifle  more  slender, 
and  has  somewhat  more  ascending  secondaries 
than  the  Wilcox  form.  A  third  and  strictly 
congeneric  form  was  described  by  Heer  *  from 
the  Aquitanian  of  Switzerland  as  Banisieria 
Tielveiica;  It  is  very  similar  to  the  present 
species.  There  are  still  other  fossil  species, 
based  on  both  leaves  and  fruit. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear^  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry) ;  and  Wicklifle,  Bal- 
lard County,  Ky.  (collected  by  L.  C.  Glenn). 

Collections, — U.  S.  National  Museum. 

Banisteria  repandifolia  Berry,  n.  sp. 

Plate  LVI,  figures  3  and  4. 

Description, — Leaves  of  medium  size,  oblong- 
ovate    in    general    outhne.     Apex    narrowed, 

1  Referred  to  the  genus  Heteropterys  Kunth  by  Hemsley  in  his  Flora 
of  Central  America  (vol.  1,  p.  150,  188S).  It  ranges  from  southern 
Mexico  through  the  West  Indies  and  Central  America  to  Colombia. 

'Watelet,  A.,  Description  des  plantes  fossiles  du  bassin  de  Paris, p. 
226,  pi.  56,  fig.  6,  1866. 

*  Laurent,  Louis,  Flore  des  calcaires  de  C^las,  p.  124,  pi.  13,  figs.  3,  4, 
1899. 

*  Ettingshausen,  C.  von,  Beitragezur  Kemitnissder  fossilen  Flora  von 
Sotzka,  p.  68,  pU  3,  fig.  5, 1858. 

6  Heer,  Oswald,  Flora  tertiarla  Uelvetise,  vol.  3,  p.  65,  pi.  121,  fig.  8, 
1859. 


sharply  pointed,  generally  produced  as  a  nar- 
row and  more  or  less  elongated  acumen.  Base 
broadly  rounded.  Length  about  12  centi- 
meters. Maximum  width,  in  the  middle  part  of 
the  leaf,  4  to  4.5  centimeters.  Margins  entire, 
more  or  less  strongly  repand,  and  in  many  speci- 
mens slightly  revolute.  Leaf  substance  thick 
and  coriaceous.  Petiole  short  and  stout,  ex- 
panded and  more  or  less  alate,  about  1  centi- 
meter in  length  and  about  3  millimeters  in 
maximum  width,  in  the  middle  portion.  Mid- 
rib stout  and  straight,  becoming  somewhat 
thinner  and  curved  in  the  acumen,  prominent 
on  the  lower  surface  of  the  leaf.  Secondaries 
thin,  alternate,  widely  spaced,  more  or  less  im- 
mersed in  the  thick  leaf  substance;  8  to  10 
pairs  divei^e  from  the  midrib  at  angles  of  about 
55°.  They  are  irregularly  spaced,  of  varying 
but  mostly  slight  degrees  of  curvature  until  the 
marginal  region  is  reached,  where  they  curve 
abruptly  to  form  broad  camptodrome  arches 
subparallel  with  the  margins.  Tertiaries  thin 
but  distinct  on  the  lower  surface  of  the  leaf, 
forming  marginal  camptodrome  arches  and  in- 
temal,  generally  quadrangular  meshes.  Areo- 
lation  fine,  mainly  quadrangular.  Leaf  sub- 
stance either  minutely  punctate  or  scurfy.  A 
small  leaf  of  this  species,  measuring  8  centime- 
ters in  length  by  3.5  centimeters  in  maximum 
width,  has  a  stout;  longitudinally  striated  peti- 
ole 1.3  centimeters  in  length. 

This  species  is  not  at  all  hke  the  associated 
species,  Banisieria  wUcoxiana  Berry,  but  re- 
sembles more  or  less  the  other  Wilcox  species, 
Banisieria  pseudolaurifolia  Berry.  Points  of 
difference  are  its  broadly  rounded  base,  peculiar 
alate  petiole,  produced  tip,  subparallel  lateral 
margins,  and  textural  characters.  There  is 
some  question  whether  or  not  the  smaller  speci- 
men figured  is  identical  with  the  larger  speci- 
men, which  is  less  repand  and  has  its  seconda- 
ries arching  farther  from  the  margins.  The  two 
specimens  may  represent  distinct  but  closely 
related  forms.  As  interpreted  they  are  taken 
to  represent  variations  of  a  single  species. 

This  species  is  not  unUke  other  and  unrelated 
members  of  the  Wilcox  flora,  for  example  Cor- 
dia  eocenica  Berry  and  some  of  the  leaves  of 
Ficus  puryearensis  Berry.  It  may  be  distin- 
guished from  both  of  these  superficially  similar 
species  by  its  more  oblong  form,  peculiar  peti- 
ole, acuminate  tip,  repand  margins,  general 
texture,  and  details  of  venation. 
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Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

CoUectioTis. — ^U.  S.  National  Museum. 

Banisteria  welcoxiana  Berry,  n.  sp. 

Plate  LVI,  figure  5. 

Sapindus  dubius,    Leequereux  (part),  U.  S.  Nat.  Mub. 
Proc.,  vol.  11,  p.  13,  1888. 
Loughridge  (part),  Report  on  the  geological  and  eco- 
nomic features  of  the  Jackson's  purchase  region, 
p.  198,  1888. 

Description. — Leaves  broadly  lanceolate  in 
outline.  Apex  narrowly  pointed.  Base  some- 
what more  broadly  pointed  than  the  apex. 
Length  about  8  centimeters.  Maximum  width 
about  2.5  centimeters,  at  a  point  about  halfway 
between  the  apex  and  the  base.  Margin  entire. 
Texture  coriaceous.  Petiole  stout,  curved, 
less  than  1  centimeter  in  length,  tumid  proxi- 
mad.  Midrib  stout  and  prominent  on  lower 
surface  of  the  leaf.  Secondaries  thin,  8  to  10 
subopposite  pairs,  branching  from  the  midrib 
at  angles  of  about  55^,  rather  straight  at  first, 
then  curving  upward  and  camptodrome.  Ter- 
tiaries  mostly  obsolete. 

This  species  is  much  Uke  the  preceding  species 
but  differs  in  its  smaller  size,  more  lanceolate 
form,  and  straighter  secondaries.  It  is  much 
like  Banisteria  laurifolia  of  the  American  trop- 
ics and  very  similar  to  the  Oligocene  form,  Bor- 
nisteria  sotzkiana,  described  by  Ettingshausen^ 
frona  Sotzka,  Styria.  It  is  apparently  less  com- 
mon in  the  Wilcox  than  the  preceding  species. 
Specimens  collected,  from  WickUffe  many  years 
ago  were  identified  by  Lesquereux  as  Sapindus 
dvMus. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Wickliffe,  BaUard  Coimty,  Ky. 
(collected  by  R.  H.  Loughridge),  and  IJ  miles 
west  of  Grand  Junction,  in  Fayette  Coimty, 
Tenn.  (collected  by  E.  W.  Berry) . 

Collections. — ^U.  S.  National  Museum. 

Banisteria  fructuosa  Berry,  n.  sp. 

Plate  LVI,  figures  8  and  9. 

• 

Description. — Small  winged  fruit  or  samara, 
about  twice  as  long  as  high,  the  lower  margin 
evenly  roimded,  the  column  straight  and  thick- 
ened and  the  upper  margin  undulate,  the 
oblique   tip  rounded.     Essential  part   of   the 

1  Ettingshanaeii,  C.  van,  Beitrilge  zur  Keimtniss  der  fossUen  Flora 
▼QD  Sotxka,  p.  68,  pi.  3,  fig.  5,  1858. 
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fruit  small.  Wing  of  considerable  consistency, 
showing  about  16  veins,  curving  subparallel 
with  the  lower  margin,  in  places  forked  or 
anastomosing  but  mostly  free,  terminating  in 
the  upper  margin. 

These  fruits  show  the  usual  resemblance  to 
the  winged  fruits  and  seeds  of  a  variety  of 
modern  forms,  particularly  to  certain  genera  of 
the  family  Proteacese.  They  are  not  referable 
to  this  family,  however,  since  their  true  affini- 
ties are  with  the  subtribe  Banisteriinse  of  the 
Malpighiacese,  especially  the  genera  Banisteria 
Linn6,  Heteropteris  Jussieu,  Stigmatophyllon 
Jussieu,  Schwannia  Endlicher,  Janusia  Jussieu, 
and  the  like.  The  tribe  contains  many  species 
and  is  almost  confined  to  tropical  and  subtrop- 
ical America  in  the  existing  flora,  making  its 
greatest  display  in  northern  South  America. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry) . 

Collection. — U.  S.  National  Museum. 

Genus  HIRiEA  Jacqiiin. 
HiBiEA  wiLCOXiANA  Berry,  n.  sp. 

Plates  LVII,  figure  8,  and  CIX,  figure  6. 

Description. — ^Leaves  ovate-lanceolate  and 
more  or  less  falcate  in  general  outline,  widest 
below  the  middle,  tapering  to  the  cuneate  base 
and  more  gradually  upward  to  the  narrowly 
extended  acuminate  tip.  Length  about  10 
centimeters  or  slightly  more.  Maximum  width 
about  3.3  centimeters.  Mai^ins  entire.  Tex- 
ture subcoriaceous.  Petiole  very  stout,  curved, 
channeled,  about  1  centimeter  in  length.  Mid- 
rib curved,  very  stout  and  prominent  on  the 
lower  surface  of  the  leaf,  channeled  on  the 
upper  surface.  Secondaries  relatively  thin, 
not  prominent;  about  10  to  12  subopposite  to 
alternate  pairs  diverge  from  the  midrib  at 
angles  of  about  55°.  They  are  relatively 
straight  imtil  they  approach  the  margins, 
where  they  curve  more  abruptly  and  are  camp- 
todrome. Tertiaries  thin  and  largely  obso- 
lete, mostly  close  and  percurrent,  their  prevail- 
ing course  nearly  at  right  angles  to  the  midrib. 

This  species  is  closely  comparable  with  the 
leaves  of  the  existing  species  of  Hirsea.  The 
modem  forms  are  exclusively  American.  They 
number  more  than  a  score  and  range  from 
Mexico  and  the  Antilles  throughout  northern 
South  America  to  Peru.     Ettingshausen  *  has 

lEttlngshausen,  C.  yon,  Roy.  Soc.  London  Proc.,  vol.  30,  p.  235, 18S0. 
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recorded  a  fossil  fonn  from  the  Ypresian  of 
Alum  Bay,  England. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Ck)mity,  Tenn. 
(collected  by  E.  W.  Berry) . 

CoUectian. — ^U.  S.  National  Museum. 

Family  EUFHORBIACEJS. 
Genus  DRYPETES  Vahl. 

Drtpetes  prekeyensis  Berry,  n.  sp. 

Plate  LVIII,  figure  4. 

Description. — ^Leaves  elliptical  in  general 
outline,  the  apex  and  base  broadly  oimeate 
or  rounded.  Length  about  6  to  7  centi- 
meters. Maximum  width,  midway  between 
the  apex  and  the  base,  about  3  centime- 
tei-s.  Margins  entire.  Texture  coriaceous. 
Petiole  short  and  stout.  Midrib  stout,  flexu- 
ous,  prominent  on  the  lower  smface  of  the  leaf. 
Secondaries  rather  stout,  about  10  suboppo- 
site  pairs;  they  divei^e  from  the  midrib  at 
angles  of  60°  to  80°,  and  curve  irregularly  up- 
ward, forming  camptodrome  arches  in  the 
marginal  legion.  Tertiaries  thin  but  distinct, 
forming  mai^inal  arches  and  internally  large 
three,  four,  or  five  sided  meshes. 

The  present  species  is  named  from  its  resem- 
blance to  Dnjpetes  Jceyensis  Urban  (Drypetes 
diversifolia  Krug  and  Urban),  a  stout  tree  of 
dry,  sandy  soils,  ranging  from  the  extreme 
southern  Florida  Keys  through  the  West 
Indies.  The  genus  Drypetes,  which  contains 
2  species  in  the  Wilcox  flora,  is  confined  to 
tropical  America  in  the  existing  flora  and 
comprises  about  a  dozen  species  that  range 
from  southern  Florida  through  the  West  La- 
dies to  northern  Brazil. 

The  present  speoicM3  is  readily  distinguished 
from  the  lanceolate-leafed  Drypetes  prdateri- 
flora  Berry  of  the  Wiloox  flora. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wiloox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Drypetes  prelateriflora  Berry,  n.  sp. 

Plate  LVIII,  figure  3. 

Description. — Leaves  ovate-lanceolate  in 
general  outline,  tapering  equally  both  proxi- 
mad  and  distad,  the  apex  acuminate  and  the 
base   sharply   decurrent.     Length   about    6.5 


centimeters.  Maximimi  width,  midway  be- 
tween the  apex  and  the  base,  about  2.1 
centimeters.  Margins  entire,  lounded,  slightly 
undulate.  Texture  coriaceous.  Petiole  short, 
stout,  and  curved,  about  3  millimeters  in 
length.  Midrib  stout,  more  or  less  curved, 
prominent  on  the  lower  surface  of  the  leaf,  be- 
coming attenuated  in  the  slender  tip.  Sec- 
ondaries rather  stout,  about  seven  or  eight  sub- 
opposite  to  alternate  arcuate  pairs,  diverging 
from  the  midrib  at  angles  of  60°  to  60°,  form- 
ing camptodrome  aiches  in  the  marginal 
region.    Tertiaries  thin. 

This  species  is  named  from  its  resemblance 
to  the  leaves  of  the  Guiana  plum,  Dnjpetes 
laieri/lora  (Swartz)  Urban,  a  small  tree  of  the 
Floiida  Keys,  the  Bahanias,  and  several  of  the 
Antilles.  It  is  relatively  much  narrower  and 
is  otherwise  readily  distinguished  from  Dry* 
petes  prekeyensis  Berry,  a  related  form  in  the 
Wilcox  flora. 

Occurrence. — Holly  Springs  sand.  Holly 
Springs,  Marshall  Coimty,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — ^U.  S.  National  Museiun. 

Genus  CROTONOPHYLLUM  Velenovsky. 
Crotonophyllum  eocenicum  Berry,  n.  sp. 

Plate  LVIII,  figure  2. 

Description. — Leaves  of  medium  size,  oblong- 
ovate  in  general  outline,  the  tip  narrowed  and 
acuminate,  and  the  base  broadly  rounded. 
Length  about  12  centimeters.  Maximum 
width,  in  the  basal  part  of  the  leaf,  about  4 
centimeters.  Margins  entire  below,  but  above 
the  entire  portion  they  show  irregularly  spaced, 
rather  distant,  and  variably  shaped  and  di- 
rected dentate  teeth,  some  prominent,  others 
verv  faint.  Texture  coriaceous.  Petiole  stout , 
not  preserved  for  its  entire  length.  Midrib 
stout,  curved,  prominent  on  the  lower  surface 
of  the  leaf.  Secondaries  thin,  numerous,  sub- 
parallel,  about  18  pairs,  diverging  from  the 
midrib  at  angles  ranging  from  60°  in  the  upper 
part  of  the  leaf  to  80°  in  the  lower  part ;  they 
are  but  slightly  curved  and  are  camptodrome 
close  to  the  margins.  Tertiary  venation  obso- 
lete. 

This  species  is  entirely  unlike  previously 
described  fossil  forms,  although  it  resembles 
somewhat  closely  some  of  the  leaves  described 
by  Ettingshausen  from  Sagor  in  Camiola  a^ 
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Quercus  decurrensJ  Its  botanic  affinities  are 
uncertain,  although  its  sum  of  characters  seem 
to  indicate  its  reference  to  the  family  Euphor- 
biaceae.  In  this  family  it  is  most  successfully 
compared  with  some  of  the  modern  species  of 
Croton,  for  example,  Croton  eluteria  (Linn6) 
Bennett  of  the  Bahama  Islands.  Croton  com- 
prises more  than  600  species  of  herbs  and  shrubs 
in  the  existing  flora,  widely  distributed  in  the 
warmer  parts  of  both  hemispheres  and  espe- 
cially abundant  in  tropical  America.  The 
leaves  are  in  general  variable  and  somewhat 
protean  and  polymorphous  in  character.  To 
avoid  undue  definiteness  I  Have  referred  the 
species  here  described  to  Crotonophyllum. 

The  genus  Crotonophyllum  was  proposed  by 
Velenovsky  for  leaves  from  the  Cenomanian 
of  Bohemia  constituting  the  single  species 
Crotonophyllum  cretaceum.^  Recently  I  have 
added  a  second  Upper  Cretaceous  species, 
Crotonophyllum  pandurspformis  from  the  Mid- 
dendorf  arkose  member  of  the  Black  Creek 
formation  of  South  Carolina. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — U.  S.  National  Museum. 

Crotonophyllum  appendiculatum  Berry, 

n.  sp. 

Plate  LVIII,  figure  1. 

Description, — Leaves  medium  sized  or  smaD, 
oblong-ovate  in  general  outline,  consisting  of 
a  somewhat  inequilateral,  oblong-elliptical  basal 
portion,  and  a  small  ovate-lanceolate  terminal 
portion  separated  from  the  basal  portion  by  a 
narrow  sinus  on  each  side  which  extends  to  the 
midrib.     Length  of  the  lower  segment  about 
41  centimeters.     Maximum  width,  in  the  mid- 
dle part,  about  2  centimeters.     Length  of  the 
somewhat  falcate  upper  segment   about   1.5 
centimeters.     Maximum  width  about  4  milli- 
meters.     Margins  entire,  somewhat  undulate. 
Texture  coriaceous.     Petiole  missing.     Midrib 
stout.      Secondaries  thin,  subparallel,  more  or 
less  immersed  in  the  leaf  substance,  campto- 
drome. 

This  remarkable  leaf  with  its  apical  append- 
*age  may  be  abnormal,  but  its  regularity  and 

1  Ettingsbausen,  C.  von,  Die  fossile  Flora  von  Sagor  in  Krain,  pt.  1,  p. 
180,  pi.  5,  figs.  5-7  (cf.  fig.  7),  1872. 
s  Velenovsky,  J-»  Kvdtena  deskdho  cenomanu,  p.  20,  pi.  5,  figs.  4-11^ 


the  common  occurrence  of  leaves  of  some  of 
the  existing  Euphorbiaceae  with  somewhat  simi- 
lar constrictions  tend  to  give  it  a  specific  char- 
acter of  its  own. 

It  is  referred  to  the  form  genus  Crotono- 
phyllum and  resembles  the  two  known  Upper 
Cretaceous  species  that  are  referred  to  this 
genus,  but  differs  decidedly  from  the  associated 
Wilcox  species  referred  to  this  genus. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Piuyear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Genus  EUPHORBIOPHYLLUM  Ettingshausen. 
EUPHORBIOPHYLLUM  FAYETTENSIS  Bcny,  U.  Sp. 

Plate  LVII,  figure  1. 

Description. — Leaves  of  small  size,  long- 
petiolate,  narrowly  cuneate  in  general  outline, 
the  tip  acuminate  and  a  shallow  emargination 
at  the  base.  Length  ranges  from  2  to  3  centi- 
meters. Maximum  width,  at  or  below  the 
middle,  1.5  to  2  centimeters.  Margins  entire, 
regularly  curved.  Texture  not  coriaceous. 
Petiole  stout,  slightly  curved,  about  8  milli- 
meters in  length.  Midrib  stout.  Secondaries 
well  marked;  four  or  five  equally  spaced  sub- 
opposite  pairs  diverge  from  the  midrib  at  angles 
ranging  from  30°  in  the  uppermost  pair  to  60° 
in  the  lowest  pair.  Tertiaries  thin  but  well 
marked,  closely  spaced,  and  irregularly  per- 
current.     Areolation  obsolete. 

This  rare  small-leafed  species  is  referred  to 
the  form  genus  Euphorbiophyllum  since  it 
appears  to  belong  to  the  Euphorbiaceae  and  is 
not  certainly  referable  to  any  one  genus.  It 
greatly  resembles  the  leaves  of  several  Central 
American  species  of  Omalanthus,  of  South. 
American  species  of  Stillingia,  and,  except  for 
its  somewhat  smaller  size,  more  narrowed  apex, 
and  strictly  entire  margins,  it  might  represent 
a  leaf  of  the  monotypic  genus  Hippomane 
Linn6,  which  frequents  sea  beaches  and  sandy 
knolls  from  the  southern  Florida  Keys  through 
the  West  Indies  and  the  Antilles  to  the  north- 
ern coast  of  South  America  and  both  coasts  of 
Central  America.  Though  I  have  not  ven- 
tured to  identify  the  fossil  form  as  a  species  of 
Hippomane,  it  may  be  exactly  matched  by  the 
small,  more  acuminate  terminal  leaves  of 
Hippomane  mancineUa  LinnS-.     Ettingshausen* 

*Ettingshaiisen,  C.  von,  Roy.  Soc.  London  Proc.,vol.  29,  p.  394, 1879> 
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has  recorded  a  species  of  Euphorbiophyllum 
from  the  Ypresian  of  the  Isle  of  Sheppey. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  1^  miles  west  of  Grand  Junction, 
in  Fayette  County,  Tenn.  (collected  by  E.  W. 
Berry). 

CoXUctwn. — ^U.  S.  National  Museum. 

Order  SAPmDALES. 

FamUy  ANACABDIACEJS. 

Genus  HETEROCALYX  Saporto. 

Fruit  a  single-seeded  drupe  with  an  accres- 
cent, scarious,  normally  three-parted,  abor- 
tively two-parted,  or  rarely  four  or  five  parted, 
netted-veined  calyx.  This  genus  was  founded 
by  Saporta  in  1867  *  to  replace  the  term  Trilo- 
bium  proposed  by  him  in  1861.'  The  type  and 
only  species  was  Heterocalyx  ungeri  Saporta, 
with  which  were  identified  GeUmia  petrexformis 
Unger '  and  EJlaphrium  antiquum  Unger.* 

This  species  occurs  at  Aix,  Sused,  Sotzka, 
Radoboj,  and  Celas,  thus  ranging  from  the  base 
of  the  Ohgocene  (Sannoisian)  into 'the  Miocene. 
It  was  compared  by  Saporta  with  the  genera 
Astronium,  Mangifera,  Anasillis,  Melanorrhea, 
and  Loxostylis,  especially  with  the  first  and  last 
of  these,  which  are  BraziUan  genera  of  the 
AnacardiacesB.  It  was  compared  by  Engler 
with  Parishia,  a  Malayan  genus  of  this  same 
family.  A  single  species  of  Heterocalyx  is 
present  in  the  Wilcox  flora. 

Heterocalyx  saportana  Berry,  n.  sp. 

Plate  LIX,  figure  1. 

Description. — Fruit  small,  probably  a  drupe, 
elliptical  in  side  view,  about  2.5  millimeters  in 
length  by  about  1  milUmeter  in  diameter, 
attached  to  a  persistent  calyx  consisting  of 
three  or  four  elliptical  scarious  sepals  about 
3.5  millimeters  in  length  by  about  1.5  milli- 
meters in  maximum  width,  which  is  in  the 
middle  part.  Venation  very  thin  and  faint, 
consisting  of  a  scarcely  discernible  midvein  and 
one  or  two  illy  defined  laterals  connected  with 

1  Saporta,  O.  de,  t^tudes  sur  la  v^^tation  du  sud-est  de  la  France  k 
r<^poque  tertiaire,  vol.  3,  suppl.  1,  p.  110, 1867. 

>  Saporta,  O.  de,  Examen  analytique  des  flores  tertlaires  de  Provence, 
p.  32, 1861. 

>  Unger,  Franz,  Chloris  protogsea,  p.  139,  pi.  47,  figs.  1,  2;  Die  fossUe 
Flora  von  Sotzka,  pi.  23,  figs.  1-4,  1850;  Sylloge  plantarum  fossllium, 
pt.  3,  pi.  17,  flgs,  4,  5,  1865. 

« Unger,  Franz,  Sylloge  plantarum  fossUlum,  pt.  1,  p.  47,  pi.  21,  figs. 
7-22, 1809. 


the  midvein  by  fine  transverse  nervilles. 
Margins  entire. 

This  fruit  is  much  smaller  than  Heterocalyx 
ungeri  Saporta,  the  illustration,  which  is  en- 
lai^ed  four  times,  being  about  the  same  size 
as  that  species.  It  also  fails  to  show  any  trace 
of  the  long  slender  pedicle  of  Heterocalyx 
ungeri,  but  this  is  commonly  missing  in  the 
French  specimens.  The  sepals  are  less  pointed 
than  those  of  the  European  type,  and  the  vena- 
tion is  less  prominent;  the  latter  feature  is 
probably  correlated  with  the  much  smaller 
size  of  the  American  species,  which  is  also 
geologically  much  older  than  the  type  of  the 
genus. 

The  species  is  based  on  the  single  specimen 
figured,  although  this  can  not  be  taken  as  an 
indication  of  the  rarity  of  the  form,  as  its  small 
size  would  in  a  measure  cause  it  to  be  over- 
looked in  the  field  unless  it  were  present  in 
great  abimdance. 

Occurrence.  —  Holly  Springs  sand.  Early 
Grove,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Genus  METOPIUM  P.  Browne. 

Metopium  wilooxianum  Berry,  n.  sp. 

Plates  LVII,  figures  2  and  3,  and  CXI,  figure  5. 

Description. — Leaflets  relatively  small,  petio- 
lulate,  broadly  eUiptical  or  suborbicular  in 
general  outline,  roimded  or  broadly  cuneato  at 
the  base,  somewhat  narrowed  distad  to  the 
broadly  rounded  or  slightly  emarginate  tip. 
Length  ranges  from  5  to  6.5  centimeters. 
Maximum  width,  at  or  below .  the  middle, 
ranges  from  3  to  3.55  centimeters.  Mai^ins 
entire,  slightly  irregular.  Texture  coriaceous. 
Petiolule  relatively  long  and  stout,  expanded 
proximad,  about  8  millimeters  in  length. 
Midrib  stout  and  prominent.  Secondaries  nu- 
merous, nearly  straight,  subparallel,  campto- 
drome;  about  nine  alternate  pairs  diverge 
from  the  midrib  at  angles  of  about  55°. 

This  species  appears  to  be  confined  to  the 
upper  part  of  the  Wilcox. 

The  only  Wilcox  species  which  Metopium 
wilcoxianum  at  all  closely  resembles  is  Ana- 
cardites  metopifolia  Berry,  a  form  that  is  gen^ 
erally  much  smaller,  relatively  more  elongate 
and  ovate,  and  has  more  numerous  secondaries 
and  a  shorter  petiolule. 
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The  genus  Metopium  in  the  existing  flora  The  form  and  venation  are  suggestive  of  cer- 

contains  two  species  of  the  coastal  region  of  tain  genera  of  the  Apocynacese,  but  on  the 

southern    peninsular  Florida  and    the   West  whole  are  more  like  certain  modem  forms  of 

Indies.  AnacardiacesB.     It  is  a  much  more  elongated 

Occurrence. — Grenada   formation,    Grenada,  and   falcate   form    than    the   Wilcox   species 

Grenada  Coimty,  Miss,    (collected  by  E.  N.  Anacardites  marsJiaUensis  Berry. 

Lowe  and  E.  W.  Berry).     Lagrange  formation  Occurrence. — ^Lagrange  formation  (in  beds  of 

(in    beds    of    Wilcox    age),    Puryear,    Henry  Wilcox  age),  Puryear,  Henry  County,  Tenn. 

Coxmty,  Tenn.    (collected  by  E.   W.  Berry),  (collected  by  E.  W.  Berry). 

Wilcox  group,  Old  Port  Caddo  Landing,  Little  Collection. — U.  S.  National  Museum. 
Cypress  Bayou,  Harrison  County,  Tex.   (col- 

lected  by  T.  W.  Vaughan).  Anacabdites  marshallensis  Berry,  n.  sp. 

Collections. — ^U.  S.  National  Museum.  Plate  LVIII,  figure  6. 

Genus  ANACARDITES  SaporUu  Description. — Leaflets  oblong-lanceolate  and 

Leavee"  small,  obovate AnacardUes  minor,  slightly  falcate  in  outline,  somewhat  narrowed 

Leaves  short  and  broad:  distad,  the  apex  and  the  base  about  equally  and 

Small,  ovate AnacardUes  metopi/olia.  bluntly  pointed.     Length  about  6  centimeters. 

Larger,  elliptical Aruicardites  puryearenns.  Maximum   width,   slightly  below   the  middle, 

Leaves  elongated,  lanceolate  to  linear-lanceolate:  ^^^^^  j  g  centuneters.  •    Margins  entire,  slightly 

Margins  serrate Anacardites  serratus.  iv.i            jix         t^        rj.           ^•' 

Mareins  entire-       '  ^^^  shortly  undulate.     Leaf  substance  very 

Lanceolate  with  ascending  secondaries,  thick  and  coriaceous.     Midrib  very  stout  and 

AnacardUes  grevilleaf alius,  curved,  prominent  on  the  lower  surface  of  the 

Linear-lanceolate  with  laterally  directed  second-  leaflet.     Secondaries    stout,    numerous,    about 

*"Jf  \    .    ,     .  , , ,     ,       .      .         ,20,  indifferently  opposite  to  alternate  pairs; 

Relatively  short  and  bluntly  pointed,  nearly  ^,          ,.              *           A_         -j-ix      --i            i 

equilateral AnacardUes  mnrshallensis.  ^^^y  ^^T^^^  ^^^"^  ^^«  "^^^rib  at  Wide  angles, 

Elongated,  acuminate,  falcate,  very  inequi-  approachmg  90  ,  at  mtervals  of  2.5  to  4  mUh- 

lateral AnacardUes  falcatus.  meters,  curving  slightly,  and  arching  in  a  camp- 

todrome  manner  close  to  the  lateral  margins. 

Anacardites  falcatus  Berry,  n.  sp.  Tertiary  venation  distinct,  of  numerous  trans- 

Plate  LIX,  figure  6.  verse  and  but  slightly  curved  nerviUes  with 

r,       .J.         T/ixi         xv         1  cross  branches,  forming  smaU  quadrangular  or 

Description. — Leaflets  elongate,  Imear-lance-  ^           i        t_ 

,.-f.           jii                  juxi.  pentagonal  meshes, 

olate,  falcate,  gradually  narrowed  both  proxi-  *   rm^^     i^-i      i_xt.i     xi/ixi       xi_ 

J       J   J-  X  J  X     xu             n         J         X  1  This  relatively  short,  blunt  leaflet  has  the 

mad  and  distad  to  the  equally  and  acutely  ,         x-x-^              j           x-         ^ 

.   .    T              J  V           nr    1    J!    •          1x1  characteristic  form  and  venation  of  numerous 
pom  ted  apex  and  base.     Markedly  mequilaterai  i        *           j-              tx  •         ji               i_i 
•           xT          T       xi.      u     X    ^/x          X-      X  modern  AnacardiacesB.     It  is  readily  separable 
in    outline.     Length    about    10    centimeters.  -          ^,        ^,        ,.^,7-.,                          1^,  ^    ,     .. 
^r                  -jxi-    1.  1       xi-        -jji       1.     X  ^  «  from   the  other  Wilcox  species,   although  it 
Maximimi  width,  below  the  middle,  about  1.6  ,1                 i_  ^           x  1      ^           j-.      >•  7 
.           xr      '         X-       T  1.X1    •          1  resembles  somewhat  remotely  Anacardites  fat' 
centimeters.     Margms  entire,  slightly  irregular.  ,     ti             tx  •       ^              -i         j    ^x 
«,     ^               .                 tr-j   1-      X     X                1  catus  Berry.     It  is  a  type  easily  and  often  con- 
Texture    coriaceous.     Midrib    stout,    curved,  -       ,      .J    ^,-        n       1     ^  j        j  v           1 

^,     ,                .         ^  xT-    1    ^  X  fused  with  the  willow-leafed  and  bve  oaks, 

promment  on  the  lower  surface  of  the  leaflet.  i_.  1   -^           t_i     •                  i 

5         J    .        XX              •       X           xi_     1  which  it  resembles  m  a  general  way. 

Secondanes   stout,    prominent   on    the   lower  ^                     tt  n       S     •                 j      tt  n 

,                               I.        11  1    J-        •      ^  Occurrence. — Holly     Sprmgs     sand.     Holly 

surface,  numerous,  subparallel,  diverging  from  ^^     .         ,,     ini-T      xt?       /nxji 

xu        'J   u    x      J          1                     1                T_  Sprmgs,  Marshall  County,  Miss,  (collected  by 

the  midrib  at  wide  angles,  commonly  as  much  J^  w^        ^                    ^               ^                   j 

as  90°,  at  intervals  of  about  2  millimeters,  '^,i    ,.    ^    tt  o   xt  x-       i  xr 

.        ,.  vxi              X                     J        1-       •  Collection. — U.  S.  National  Museum, 
curving  sughtly,  anastomosing  and  arching  m 

the   marginal   region.     Tertiaries   stout,   sub-  Anacardites  puryearensis  Berry,  n.  sp. 
parallel    with    the    adjacent    secondaries,    to 

which  they  alternately  send  stout  transverse  *^         '    ^^^^ 

nerviUes.  Description. — Leaves    relatively    short    and 

These  leaflets  are  of  a  distinctive  character  broad,  elliptical  and  somewhat  inequilateral  in 

and  markedly  inequilateral,  especially  proxi-  general  outline,  the  apex  broadly  rounded  and 

mad,  as  shown  by  the  specimen  figured.     The  the  base  broad,   slightly  decurrent.     Length 

tip  is  recurved  and  more  nearly  equilateral,  about  6  centimeters.     Maximum  width,  above 
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the  middle,  about  3.25  centimeters.  Margins 
entire,  somewhat  irregularly  curved.  Texture 
coriaceous.  Petiole  extremely  stout,  curved, 
about  1.25  centimeters  in  length,  3  millimeters 
in  diameter  at  the  enlarged  base.  Midrib  stout 
throughout,  broad  and  flat,  curved.  Sec- 
ondaries stout,  numerous,  subparallel,  more 
widely  spaced  in  the  upper  half  of  the  leaf; 
about  10  subopposite  to  alternate  pairs  diverge 
from  the  midrib  at  angles  of  about  60°  to  65°, 
pursuing  a  rather  straight  course  to  the  margi- 
nal region,  where  they  are  camptodrome.  Ter- 
tiaries  well  marked,  obliquely  percurrent. 
Areolation  rectangular. 

This  species  differs  markedly  from  the  other 
Wilcox  species  referred  to  this  genus,  suggest- 
ing some  of  the  Sapotaceae  in  its  general  ap- 
pearance. It  has,  however,  the  venation  of  the 
AnacardiaceaB  and  may  be  compared  with 
existing  genwa  of  that  family,  especially  the 
genus  Anacardium  Linn6,  which  comprises  8 
species  in  tropical  America.  The  present  spe- 
cies is  apparently  rare. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

ANACABDrrrs  minor  Berry,  n.  sp. 

Plate  LVII,  figure  4. 

Description. — Leaves  or  leaflets  relatively 
small,  obovate  in  general  outline,  the  tip 
broadly  rounded,  and  the  base  broadly  cu- 
neate.  Length  about  2  centimeters.  Maximmn 
width,  midway  between  the  apex  and  the  base, 
about  1.5  centimeters.  Margins  entire,  some- 
what undulate.  Texture  subcoriaceous.  Peti- 
ole short  and  much  enlarged,  about  2  centi- 
meters or  slightly  less  in  length.  Midrib  rather 
stout,  prominent,  nearly  straight.  Seconda- 
ries thin,  relatively  prominent;  5  or  6  suboppo- 
site pairs  diverge  from  the  midrib  at  angles  of 
about  50°  and  pursue  a  nearly  straight  course 
to  the  margin,  where  they  form  single  flat 
camptodrome  arches  which  simulate  marginal 
hems.  Tertiaries  thin,  mainly  percurrent. 
Areolation  predominantly  quadrangular. 

The  present  species  in  its  size,  outUne,  and 
marginal  venation  is  clearly  differentiated  from 
the  other  members  of  the  Wilcox  flora  and  as 
clearly  allied  with  existing  members  of  the 
Anacardiaceas.     It  is  apparently  rare. 


Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Anaoardites  gkevilleapolia  Berry,  n.  sp. 

Plates  LVII,  figure  5,  and  LVIII,  figure  5. 

Description. — ^Leaflets  small,  lanceolate  in 
outline,  the  apex  sharply  pointed  and  the  base 
similarly  pointed.  Length  ranges  from  2.5  to 
4.5  centimeters.  Maximum  width,  slightly  be- 
low the  middle,  ranges  from  7  to  11.5  milli- 
meters. Petiolule  short  and  stout,  about  1.5 
or  2  miUimeters  in  length.  Midrib  very  stout 
and  prominent.  Secondaries  thin,  numerous, 
close  set,  diverging  from  the  midrib  at  acute 
angles  less  than  45**.  Those  in  the  lower  half 
of  the  leaflet  are  curved  and  ascend  subparal- 
lel with  each  other  and  with  the  lower  lateral 
leaf  margins;  those  in  the  upper  part  are  less 
ascending  and  subtend  wider  angles;  all  are 
camptodrome.  Tertiaries  obsolete.  Margins 
entire.     Texture  coriaceous. 

This  is  the  smallest  species  of  Anacardites 
known  in  the  Wilcox  flora  and  it  is  thoroughly 
distinct  from  the  other  species,  Anacardites 
metopifolia  Berry  being  the  only  one  that  ap- 
proaches it  at  all,  and  the  two  are  not  close.  It 
is  something  Uke  Rhus  palseophyUa  Saporta  *  of 
the  Sannoisian  of  France,  but  the  resemblance 
is  not  close  enough  to  demand  extended  com- 
ment. It  is  also  more  or  less  Uke  several 
described  Tertiary  species  usually  referred  to 
Rhus. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  Coimty,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Lagrange  forma- 
tion (in  beds  of  Wilcox  age),  Puryear,  Henry 
County,  Tenn.  (collected  by  E.  W.  Berry). 

Collections. — U.  S.  National  Museum. 

Anacardites  metopifolia  Berry,  n.  sp. 

Plate  LVIII,  fig:ure  7. 

Description. — Leaflets  small,  ovate  in  general 
outline,  lateral  margins  full  rounded,  najrowing 
upward  to  an  obtuse  tip,  basal  margins  rounded, 
and  base  very  broadly  cuneate  or  rounded. 
Length  about  4.5  to  5  centimeters.  Maximum 
width,  toward  the  base  of  the  leaf,  about  2 
centimeters.     Margins    entire.     Texture    cori- 

1  Saporta,  O.  de,  Etudes  sur  la  v^^tatioo  dii  sud-est  de  la  Franoe  i 
r^poque  tertiaire,  vol.  1,  p.  125,  pi.  13,  figs.  1,  2, 1803. 
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aceous.  Petiolule  short  and  stout,  about  2 
millimeters  in  length.  Midrib  stout.  Second- 
aries thin,  numerous,  about  15  pairs,  diverging 
from  the  midrib  at  wide  angles;  rather  straight 
to  the  marginal  region,  where  they  form  camp- 
todrome  arches  parallel  with  the  margins. 
Tertiaries  largely  obsolete;  intermediate  ones 
diverge  from  the  midrib  between  and  parallel 
with  the  secondaries,  to  which  they  are  con- 
nected by  very  faint  nervilles. 

This  species  may  be  compared  with  a  number 
of  modem  forms.  It  is  like  the  leaflets  of  numer- 
ous species  of  Rhus,  for  example  BhiLS  copal- 
Una  Lum6.  It  is  named  for  its  resemblance  to 
Metopium  P.  Browne,  a  genus  represented  in 
the  Wilcox  flora,  and  one  that  contains  2  existing 
species  which  are  confined  to  southern  Florida, 
the  West  Indies,  and  Honduras.  Metopium  is 
often  imited  with  Rhus,  of  which  it  is  the  tropi- 
cal representative.  The  present  species  is  very 
similar  to  the  somewhat  variable  leafed  Meto- 
pium  metopium  Small  (Rhus  metopium),  so 
abundant  along  the  shores  and  keys  of  southern 
Florida  and  in  the  Bahamas,  as  well  as  in  Cuba, 
Jamaica,  and  Honduras. 

Occurrence. — Holly  Springs  sand.  Holly 
Springs  and  Vaughns,  near  Lamar,  Benton 
County,  Miss,  (collected  by  L.  C.  Johnson). 
Lagrange  formation  (in  beds  of  Wilcox  age), 
Wickliflfe,  Ballard  Coimty,  Ky.  (collected  by 
L.C.  Glenn),  and  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collections. — U.  S.  National  Museum. 

Anacardites  serratus  Berry,  n.  sp. 

Plate  LVIII,  figure  8. 

Description. — ^Leaflets  lanceolate  and  more 
or  less  falcate  in  general  outline,  widest  above 
the  middle,  tapering  to  a  sharp  conical  point 
and  narrowing  gradually  to  the  elongated, 
acutely  pointed  base.  Length  about  8  centi- 
meters. Maximum  width  about  1.5  centi- 
meters. Margins  entire  and  markedly  undu- 
late in  the  basal  half  of  the  leaflet,  with  closest 
and  inconspicuous  serrate  teeth  in  the  distal 
half.  Texture  coriaceous.  Midrib  stout, 
curved.  Secondaries  of  medium  size,  numer- 
ous; about  20  generally  subopposite  pairs 
diverge  from  the  midrib  at  wide  angles,  curve 
regularly  upward,  subparallel,  and  are  camp- 
todrome  close  to  the  margins. 


This  well-marked  species  is  sparingly  repre- 
sented in  the  collections.  It  resembles  some- 
what the  Cuban  species  Ardisia  (Icacorea)  den- 
tata  De  CandoUe  and  the  fossil  form  Ardisia 
(Icacorea)  lanceolata  Ettingshausen  *  from  the 
Bohemian  Tertiary.  All  things  considered,  it 
is  believed  to  represent  a  Wilcox  species  of 
AnacardiacesB  of  uncertain  generic  relationship. 

Occurrence. — Lagrange  formation  (in  beds 
of  Wilcox  age),  1^  miles  west  of  Grand  Junc- 
tion, in  Fayette  County,  Tenn.  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Family  HJCACE JS. 
Genus  ILEX  Liimd. 

Ilex  eolignitica  Berry,  n.  sp. 

Plate  LIX,  figure  7. 

Description. — ^Leaves  small,  ovate-lanceolate 
in  general  outline,  the  apex  gradually  nar- 
rowed, acuminate,  and  the  base  more  ab- 
ruptly narrowed  and  decurrent.  Length  about 
5.5  centimeters.  Maximxim  width,  below  the 
middle,  about  2  centimeters.  Margins  entire. 
Texture  coriaceous.  Petiole  short  and  stout, 
about  4  or  5  millimeters  in  length,  tximid  proxi- 
mad.  Midrib  stout,  curved.  Secondaries 
about  eight,  rather  stout,  alternate  pairs;  they 
diverge  from  the  midrib  at  angles  of  about  50°, 
curving  slightly  upward  at  first  and  more  ab- 
ruptly in  the  marginal  region,  where  they  are 
camp  todrome.     Tertiaries    mostly    immersed. 

The  form,  texture,  and  venation  ally  these 
leaves  with  those  of  numerous  modern  species 
of  Ilex.  The  genus  Dex,  which  is  largely 
American,  contains  more  than  200  existing 
species  found  in  nearly  all  tropical  and  temper- 
ate regions  of  the  world  and  especially  abun- 
dant in  northern  South  America.  The  leaves 
show  considerable  variation  and  include  forms 
with  entire  and  variously  toothed  margins. 
The  genus  appears  to  be  but  sparingly  repre- 
sented in  the  Tertiary  floras  of  southeastern 
North  America. 

Occurrence. — Holly  Springs  sand.  Holly 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museimi. 

lEttingshausen,  C.  von,  Die  fossile  Flora  des  Terti&r-Beckens  von 
Bilin,  pt.  2,  p.  40,  pi.  37,  fig.  28, 1868. 
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Ilex  vomttorlafolla  Berry,  n.  sp. 

Plate  LXIV,  figure  6. 

Description. — ^Leaves  much  reduced,  ovate 
or  obovate  in  general  outline,  the  apex  some- 
what narrowed  and  rounded  and  the  base  nar- 
rowly decurrent.  Length  about  1.5  centi- 
meters. Maximum  width,  in  the  middle  part 
of  the  leaf,  about  5.5  centimeters.  Margins 
entire  at  the  base,  above  which  they  are  beset 
with  shallow  crenulations.  Texture  subcori- 
aceous.  Petiole  obsolete.  Midrib  rather  stout, 
straight.  Secondaries  numerous,  thin,  ascend- 
ing, camptodrome. 

This  uncommon  species  is  markedly  distinct 
from  the  other  members  of  the  Wilcox  flora 
and  approaches  very  close  to  the  smaller 
leaves  of  the  existing  Ilex  vomitoria  Aiton,  a 
small  tree  rarely  found  far  from  salt  water, 
ranging  from  southern  Virginia  to  Cedar  Keys, 
Fla.,  and  west  to  Matagorda  Bay,  Tex.  It 
also  resembles  several  small-leafed  species  in 
the  allied  family  CdastracesB. 

Occurrence. — Holly  Springs  sand.  Early 
Grove,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Ilex?  affinis  Lesquereux  (?). 

Ilext  affinis,  Lesquereux,  U.  S.  Geo],  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  suppl.,  p.  8,  1872. 

Lesquereux,  The  Tertiary  flora,  p.  270,  pi.  50,  figs.  2, 3, 
1878. 

Hollick,  in  Harris,  G.  D.,  and  Veatch,  A.  C,  A  pre- 
liminary report  on  the  geology  of  Louisiana,  p.  285, 
pi.  44,  fig.  2, 1899. 

Description. — As  described  by  Lesquereux  in 
1878  this  species  shows  the  following  char- 
acters: 

Leaves  coriaceous,  oblong-ovate,  broadly  cuneate  to  the 
base,  borders  irregularly  distantly  dentate;  nervation 
Bubcamp  todrome . 

These  leaves,  inequilateral  at  the  base,  seem  like 
pinnules  of  a  compound  leaf.  The  midrib  is  thick,  the 
secondary  veins  numerous,  parallel,  inequidistant,  and 
at  an  open  angle  of  divergence  either  enter  the  point  of  the 
teeth  and  by  thin  branches  follow  the  borders  in  festoons, 
or  are  truly  camptodrome,  with  nervilles  passing  up  from 
the  back  of  the  curves  into  the  teeth.  This  nervation  is 
not  in  conformity  with  that  of  the  leaves  of  the  dentate 
section  of  Ilex;  it  is  rather  analogous  to  that  of  some  oak 
leaves.  The  coriaceous  substance  of  the  leaves  prevents  a 
reference  to  Quercus.  I  find,  moreover,  in  some  fossil 
species  of  Ilex,  /.  stenophylla  Unger,  /.  berberuH/olia  Heer, 
a  related  type  of  nervation  to  that  of  these  leaves. 


The  type  material  came  from  the  Green 
River  formation  at  Green  River  station,  Wyo., 
a  formation  considerably  younger  than  the 
Wilcox.  In  1899  Hollick  doubtfully  referred 
a  single  incomplete  specimen  from  the  Wilcox 
outcrop  at  Coushatta  to  this  species.  Though 
the  Coushatta  specimen  resembles  the  type, 
this  identification  is  very  uncertain;  the  margi- 
nal teeth  are  smaller,  and  the  secondaries 
appear  to  be  craspedodrome  and  suggest  a  small 
leaf  of  Dillenites  macrodenUUus  (HoUick)  Berry. 
I  have  not  made  any  change,  however,  as  the 
available  material  is  too  scanty  to  warrant  any 
extended  discussion  of  its  botanic  affinity, 
although  I  am  inclined  to  see  a  resemblance  to 
Dillenites  in  the  material  from  Louisiana. 

Occurrence. — Wilcox  group,  one-fourth  mile 
above  Coushatta,  Red  River  Parish,  La.  (col- 
lected by  G.  D.  Harris). 

Collection. — New  York  Botanical  Garden. 

Ilex  sp.  Hollick. 

Ilex  sp.  Hollick,  in  Harris,  G.  D.,  and  Veatch,  A.  C,  A 
preliminary  report  on  the  geology  of  Louisiana,  p. 
285,  pi.  43,  figs.  2,  3, 1899. 

Description. — ^Two  fragments  of  a  large  leaf 
with  a  remotely  toothed  margin  have  been 
identified  as  a  form  of  Hex  by  HoUick.  No 
additional  material  has  been  collected  and  it 
would  be  hazardous  to  attempt  to  revise  or 
certify  this  identification.  As  the  specimens 
appear  to  differ  from  all  the  known  members  of 
the  Wilcox  flora,  they  are  retained  as  deter- 
mined by  their  describer. 

Occurrence. — ^Wilcox  group,  Slaughter  Pen 
Bluff  on  Cross  Bayou,  Caddo  Parish,  La.  (col- 
lected by  A.  C.  Veatch). 

Collection. — New  York  Botanical  Garden. 

Family  CELASTBACBiB. 
Genus  MAYTENUS  Feiiifl^ 

Maytenus  puryeabensis  Berry,  n.  sp. 

Plate  LXI,  figure  5. 

Description. — Leaves  small,  lanceolate  and 
commonly  falcate  in  general  outline,  the  apex 
pointed  and  the  base  narrowly  cuneate  and  de- 
current.  Length  about  4  centimeters.  Maxi- 
mum width,  midway  between  the  apex  and  the 
base,  about  1  centimeter.  Margins  enthe  for  a 
shoi  t  distance  proximad,  passing  gradually  into 
small  close  regular  crenate  teeth.    Texture  con- 
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aceous.  Petiole  short  and  stout.  Midrib  stout, 
curved,  prominent  on  the  lower  surface  of  the 
leaf.  Secondaries  thin,  about  six  opposite  to 
alternate  pairs,  diverging  from  the  midrib  at 
acute  angles  and  curving  upward  in  wide  loops 
to  join  the  adjacent  superior  secondaries  a  con- 
siderable distance  from  the  margins.  Ter- 
tiaries  very  thin,  arching  in  the  marginal 
region. 

This  well-marked  small  leaf  in  its  general 
outline,  marginal  crenation,  texture,  and  vena- 
tion is  strictly  comparable  to  some  of  the 
modem  species  of  Maytenus,  especially  May- 
tenus  veHiciJlatus  (Ruiz  and  Pavon),  Maytenus 
hoaria  Molina,  and  Maytenus  chUensis  De 
CandoUe  of  tropical  and  subtropical  South 
America.  It  also  resembles  several  West 
Indian  species  of  the  genus  Myginda  Jacquin. 
Among  fossil  forms  it  may  be  compared  with 
Maytenus  europsea  Ettingshausen  *  from  the 
Bohemian  Tertiary.  The  genus  Maytenus 
includes  about  70  existing  species  of  the  West 
Indies,  Central  America,  and  tropical  South 
America. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — U.  S.  National  Museimi. 

Genus  CELASTRUS  Una^. 

Leaves  small  and  entire  margined: 

Orbicular Celastnut  hruckTrumni/olia, 

Lanceolate Celastrus  minor. 

Larger  with  toothed  maigins: 

Relatively  small  leaves  with  roimded  base  and  crenate- 

serrate  maigins Celastrus  eolignitica. 

Laiger,  equally  pointed  at  both  ends,  margin  cre- 

nate Celastrus  veatchi. 

Very  laige  and  broad,  base  truncate  or  subcordate, 

maigin  prominently  serrate. ..Celastrus  taurinensis. 

Celastrus  bruckmannifolia  Berry,  n.  sp. 

Plate  LXI,  figure  1. 

Description. — Leaves  small,  elliptical,  or 
orbicular  in  outline,  many  specimens  slightly 
inequilateral.  Length  about  1.2  centimeters. 
Maximum  width,  in  the  middle  part  of  the  leaf, 
about  1  centimeter.  Apex  and  base  about 
equally  and  broadly  rounded.  Margins  entire, 
generaJly  full,  and  rather  evenly  rounded, 
Leaf    substance    thick.     Texture    coriaceous. 

1  Ettingshausen,  C.  von,  Die  foasfle  Flora  des  Tertifir-Beckens  von 
BilJn,  Thell  3,  p.  31,  pi.  48,  figs.  10-13,  1869. 


Petiole  short  and  stout,  1  to  2  millimeters  in 
length.  Midrib  stout,  narrowed  distad  on  the 
upper  surface  of  the  leaf,  more  or  less  prominent 
on  the  lower  surface.  Secondaries  thin,  fom: 
or  five  subopposite  to  alternate  pairs;  they  di- 
verge from  the  midrib  at  angles  of  45°  or  more, 
curving  outward  and  then  slightly  upward, 
each  forming  a  camptodrome  arch  approxi- 
mately parallel  with  the  margin  and  close  to  it. 
Tertiaries  inmiersed  in  the  leaf  substance  and 
obsolete. 

This  characteristic  species,  with  its  small 
leathery  and  nearly  orbicular  short-petioled 
leaves,  resembles  a  great  many  unrelated  mod- 
ern forms.  It  is  somewhat  suggestive  of  the 
Wilcox  species  Bumelia  pseudohorrida  Berry, 
which  has  leaves  of  this  size  and  more  or  less 
orbicular  form,  but  they  are  slightly  narrowed 
proximad  and  more  or  less  retuse  distad  and 
carry  numerous  thin  ascending  lateral  veins. 

Heer  has  described  a  Miocene  upland  form 
from  Switzerland  as  Vacdnium  reticulatum,^ 
which  has  leaves  similar  to  the  present  species 
and  which  because  of  its  coastal  habitat  in  a 
warm  Eocene  climatic  zone  can  scarcely  be  re- 
ferred to  Vaccinium.  Another  European  Mio- 
cene type  whose  leaves  are  comparable  to  those 
of  the  species  under  discussion  is  Rhamnus  hre- 
vifolius  Alexander  Braun,'  and  I  was  at  first 
inclined  to  refer  this  Wilcox  species  to  Rham- 
nus, several  modern  as  well  as  fossil  species  of 
which  have  small  eUiptical  coriaceous  leaves. 
The  venation,  however,  is  not  that  of  Rhamnus 
but  rather  that  of  Celastrus,  and  it  may  be 
compared  with  Celastnis  brucJcmanni  Alexander 
Braun,  a  widespread  form  of  the  European 
Miocene  that  also  occurs  in  the  Chesapeake 
group  of  Atlantic  North  America.  It  is  as  a 
rule  a  somewhat  larger  form  and  has  more 
ascending  secondaries  and  well-marked  per- 
current  tertiaries.  In  addition  a  number  of 
Tertiary  species  referred  to  the  genus  Legumi- 
nosites,  for  example,  Leguminosites  derelictus 
Saporta,  *  from  the  Sannoisian  of  France, 
resemble  Celastnis  bruckmannifolia  to  a  greater 
or  less  degree.  The  venation  and  sum  of  the 
characters,  however,  convince  me  that  the  pres- 
ent species  is  not  a  leguminous  leaflet,  but  a 

>Heer,  Oswald,  Flora  tertiaria  HelvetisB,  vol.  3,  p.  10,  pi.  101,  figs. 
30a-g,  1859.    (See  especially  fig.  30c.) 

»Idem,  p.  78,  pi.  123,  figs.  27-30, 1859. 

<  Saporta,  0.  de,  ]§:tudes  sur  la  v^^tation  du  sud-est  de  la  France  k 
I'^poque  tertlaire,  vol.  3,  pi.  18,  figs.  23, 24, 1867. 
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leaf  of  Celastrus  very  like  some  of  the  existing 
entire-margined  species  of  tropical  American 
Celastracese.  It  is  named  in  allusion  to  its  re- 
semblance to  the  smaller  leaves  of  the  wide- 
spread and  somewhat  polymorphous  species 
Celastrus  hruchnanni  Alexander  Braun  of  the 
later  and  cooler  Tertiary  of  America  and  Eu- 
rope. A  very  similar  species,  relatively  shghtly 
wider  than  the  Wilcox  form,  is  found  in  the 
Tertiary  of  Bolivia  and  is  described  by  Engel- 
hardt  *  as  Ca^alpinia  gmeJdingi, 

Occurrence. — Holly  Springs  sand,  Holly 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Celastrus  minor  Berry,  n.sp. 

Plate  LXI,  figuros  3  and  4. 

Description. — ^Leaves  small  and  variable  in 
size,  regularly  lanceolate  to  ovate-lanceolate  in 
outline,  the  apex  and  base  equally  acuminate. 
Length  ranges  from  1  to  3  centimeters.  Maxi- 
mum width,  midway  between  the  apex  and  the 
base,  ranges  from  5  to  8  millimeters.  Margins 
strictly  entire.  Texture  coriaceous.  Petiole 
short,  about  1.5  millimeters  in  length.  Midrib 
straight,  relatively  stout  and  prominent.  Sec- 
ondaries thin,  three  to  six  subopposite  to  alter- 
nate pairs,  irregularly  spaced,  diverging  from  the 
midrib  at  angles  of  about  45°,  regularly  curved 
upward  and  camptodrome.    Tertiaries  obsolete . 

This  characteristic  little  species  is  entirely 
unlike  any  of  the  known  members  of  the  Wil- 
cox flora.  The  leaves  at  first  might  suggest  an 
ericaceous  species,  for  example,  some  of  the 
Brazihan  species  of  Gaylussacia,  but  they  are 
more  like  the  leaves  of  the  existing  entire- 
margined  species  of  Celastrus.  Celastrus  is 
abundant  in  the  Wilcox  flora,  and  the  other 
species  are  all  larger  and  their  margins  are 
more  or  loss  toothed.  Celastrus  minor  is  some- 
thing like  a  form  from  the  Tertiary  of  BoUvia 
described  by  Engclhardt  ^  as  Acacia  tenmfolia. 

Occurrence. — Holly  Springs  sand,  Holly 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 


1  Engelhardt,  Hermann,  Naturwiss.  Geaell.  Isis  in  Dresden  Abh., 
1894,  p.  9,  pi.  1,  fig,  29. 
>Idem,  p.  n,  pi.  1,  figs.  45,  46. 


Celastrus  EOLiGNmcA  Berry,  n.  sp. 

Plate  LIX,  figures  8-11. 

Description. — Leaves  small,  ovate  or  ellip- 
tical m  general  outline,  as  a  rule  more  or  less 
inequilateral.  Apex  rounded,  generally  nar- 
rowed, and  somewhat  extended.  Base  broadly 
rounded,  in  many  specimens  pronouncedly  in- 
equilateral. Length  ranges  from  3  to  4  centi- 
meters. Maximum  width,  at  or  below  the  mid- 
dle, ranges  from  1  to  1.75  centimeters.  Mar- 
gins entire  proximad,  passing  upward  from 
faint  to  increasingly  prominent  crenate  teeth, 
which  gradually  become  sharply  pointed;  ser- 
rate teeth  separated  by  shallow  inequilateral 
sinuses,  their  points  directed  upward  and  out- 
ward; with  increasing  prominence  they  be- 
come farther  apart,  the  intervals  ranging  from 
1.75  millimeters  to  4  centimeters,  and  become 
closer  again  distad.  In  the  smallest  leaf  figured 
the  points  are  underdeveloped,  giving  the  leaf 
a  somewhat  different  aspect.  The  texture  is 
coriaceous.  Petiole  relatively  long  and  stout, 
about  1  centimeter  in  length.  Midrib  stout, 
generally  somewhat  curved.  Secondaries  stout 
but  not  prominent,  six  to  eight  chiefly  subop- 
posite pairs;  they  diverge  from  the  midrib  at 
wide  angles,  curving  regularly  upward  in  a  sub- 
parallel  manner,  arching  camptedromely  in  the 
marginal  region.  Tertiaries  mostly  immersed 
in  the  thick  leaf  substance ;  a  few  thin  percur- 
rent  ones  are  visible  toward  the  margins. 

This  characteristic  species  is  very  different 
from  any  of  the  other  known  members  of  the 
Wilcox  or  related  floras.  It  is  not  abundantly 
represented  in  the  collections,  and  the  leaves 
as  a  rule  are  not  well  preserved,  the  macera- 
tion preceding  fossiUzation  suggesting  that  pos- 
sibly they  represent  an  inland  species,  the 
leaves  of  which  were  brought  by  streams  to 
the  basin  of  sedimentation  from  a  considerable 
distance.  The  few  specimens  collected  exhibit 
considerable  variation  in  size  and  outline  but 
especially  in  appearance.  They  may  represent 
more  than  one  species,  but  I  consider  this  very 
doubtful. 

They  resemble  a  number  of  existing  species 
of  Celastrus  from  the  Tropics  and  subtropics  of 
America,  and  among  fossil  species  they  are 
much  like  a  number  of  common  Tertiary  spe- 
cies described  from   the  European   area,  for 
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example^  Celasims  noaticus  Unger  *  and  Cela^- 
trus  splendidus  Saporta.' 

Occurrence, — Holly  Springs  sand,  Early 
Grove,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry).  Lagrange  formation  (in  beds  of 
Wilcox  age),  1^  miles  west  of  Grand  Jimction, 
in  Fayette  County,  Tenn.  (collected  by  E.  W. 
Berry). 

Collections. — U.  S.  National  Museum. 

Celastrus  veatchi  HoUiok. 

Plate  LXI,  figure  2. 

Celastrus  veatchi.  Hollick,  in  Harria,  G.  D.,  and  Veatch, 
A.  C,  A  preliminary  report  on  the  geology  of  Louisi- 
ana, p.  285,  pi.  43,  figs.  4,  5,  1899. 

Description.. — Rollick's  description,  pub- 
lished in  1899,  is  as  follows: 

Leaf  about  3  inches  long  by  If  inches  broad  in  the 
middle,  elliptical  in  outline,  tapering  about  equally  to 
base  and  apex,  obtusely  or  crenately  toothed  or  the  lower 
portion  merely  wavy,  with  a  blunt  tip  at  the  apex;  midrib 
strong  and  straight;  secondary  nervation  well  defined, 
curving  upward,  becoming  brochidodrome  or  subcampto- 
drome  though  the  tertiary  nervation,  with  fine  nervilles 
extending  to  the  teeth  and  maigin. 

This  species  was  compared  by  Hollick  with 
ElsROcarpus  europseus  Ettingshausen  of  the 
European  Tertiary.  It  is,  however,  more  like 
Elseodendron  degener  (Unger)  Ettingshausen' 
of  the  European  Oligocene  and  not  greatly 
unlike  some  of  the  leaves  of  the  Fort  Union 
Ebeodendron  polymorphum  Ward.*  It  may 
also  be  compared  with  certain  ancient  and 
modem  forms  of  Temstroemiaceae.  Except 
for  its  slightly  larger  size  and  crenate  instead 
of  serrate  teeth  it  is  exactly  like  the  two  wide- 
spread European  Aquitanian  species  Celastrus 
persei  Unger  '^  and  Celastrus  andromedx  Unger.' 

Occurrence. — Wilcox  group,  one-fourth  of  a 
mile  above  Coushatta,  Red  River  Parish,  La. 
(coUect-ed  by  A.  C.  Veatch).  Bed  of  Mobley 
Creek,  4  miles  southwest  of  Trenton,  Gibson 
County,  Tenn.  (collected  by  Bruce  Wade). 
Holly  Springs  sand.  Early  Grove,  Marshall 
County,  Miss,  (collected  by  E.  W.  Berry). 

1  Un^er,  Franz,  Sylloge  plantarum  fossilium,  vol.  2,  p.  7,  pi.  2,  figs.  2, 
3, 1862. 

sSaporta,  G^  de,  Etudes  sur  la  v4g4tatioii  du  sud-est  de  la  France  k 
I'^poque  tertiaire,  vol.  2,  p.  128,  pi.  8,  fig.  2, 1866. 

'Ettingshausen,  C.  von,  Die  fossile  Flora  des  Tertiar-Beckens  von 
Bllln,  pt.  3,  p.  37,  pi.  49,  figs.  5,  7-10, 1869. 

*  Ward,  L.  F.,  U.  S.  Geol.  Survey  Bull.  37,  p.  84,  pi.  38,  flgs.  1-7, 1887. 

&  Ettingshausen,  C.  von,  Die  fossile  Flora  von  Sagor  in  Krain,  pt.  2,  p. 
31,  pi.  16,  fig.  1,1877. 

«  Unger,  Frans,  Die  fossile  Flora  von  Sotzka,  p.  fi7,  pi.  30,  figs.  2-4,  7, 
1850. 


Collections. — U.  S.  National  Museum:  New 
York  Botanical  Garden. 

Celastrus  taurinensis  Ward. 

Plate  LX,  figures  1-3. 

Celastrus  taurinensis.    Ward,  U.  S.  Geol.  Survey  Bull.  37, 
p.  79,  pi.  34,  figs.  5,  6,  1887. 
Hollick,  in  Harris,  G.  D.,  and  Veatch,  A.  C,  A  pre- 
liminary report  on  the  geology  of  Louisiana,  p.  285, 
pi.  46,  fig.  1,  1899. 

Description. — Ward's  description  in  1887  is 
as  follows: 

Leaves  rather  thin,  laige  (7  centimeters  wide,  12  centi- 
meters long),  oblong,  slightly  heart-shaped,  pointed, 
sharply  and  coarsely  serrate  to  near  the  base;  nervation 
pinnate,  craspedodrome;  midrib  rather  thin,  slightly 
curved,  thickened  at  the  nodes;  secondary  nervee  9  to  11 
on  each  side,  alternate  to  subopposite,  curving  upward, 
forking  or  branching,  occasionally  arching  and  supplying 
short  veinlets  to  the  teeth,  lowest  pair  thin,  basilar,  and 
mostly  simple;  nervilles  more  or  less  ciuved,  percurrent 
or  more  commonly  forked,  joining  the  secondaries  at  right 
angles. 

Although  the  venation  of  this  species  is  that 
of  the  Celastracese,  its  original  describer 
expresses  doubt  regarding  its  relationship  with 
Celastrus,  and  suggests  that  it  may  be  referable 
to  Grewiopsis  or  Pterospermites.  I  fully  share 
these  doubts,  and  if  I  were  decribing  it  anew 
would  be  incUned  to  refer  it  to  Grewiopsis,  a 
genus  represented  by  several  similar  species  in 
the  early  Eocene  of  the  Rocky  Mountain  prov- 
ince. The  type  area  for  this  species  is  the  Fort 
Union  formation  of  Montana,  where  it  is  not 
uncommon.  It  appears  to  have  been  a  rare 
element  in  the  Wilcox  flora. 

Occurrence, — Wilcox  group,  one-fourth  mile 
above  Coushatta,  Red  River  Parish,  La.  (col- 
lected by  G.  D.  Harris). 

Collections. — Types  in  U.  S.  National  Museum ; 

Louisiana  specimens  in  New  York  Botanical 

Garden. 

Genus  EUONYMUS  Linn«. 

EuoNYMUs    sPLENDENs    Berry,  n.  sp. 

Plates  LXI,  figure  6,  and  LXII,  figures  1-5. 

Description. — Leaves  of  variable  size,  broadly 
ovate-lanceolate  in  outline,  the  base  broadly 
cuneate,  truncate  or  rounded,  somewhat  inequi- 
lateral, minutely  decurrent.  Length  ranges 
from  6  to  25  centimeters,  averaging  about  15 
centimeters.  Maximum  width  2.8  to  9.5  cen- 
timeters, averaging  about  5.5  centimeters  at  a 
point  slightly  below  the  middle  of  the  leaf. 
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From  this  region  the  lateral  margins  as  they 
continue  toward  the  base  are  full  and  broadly 
roimded.  Distad  the  margins  are  full  for  a 
considerable  distance,  becoming  incurved  as 
the  apex  narrows  and  curving  upward  to  form 
the  extended,  narrowly  acimiinate  tip.  Mar- 
gin regularly  and  finely  dentate,  the  denticula- 
tions  approaching  the  serrate  form  m  some 
specimens,  becoming  less  pronounced  and 
finally  obsolete  at  the  extreme  base  of  the  leaf. 
Texture  firm  but  leaf  substance  not  thick. 
Petiole  relatively  long  and  stout,  about  3  centi- 
meters in  length  in  a  specimen  below  the  aver- 
age size.  Midrib  stout  below,  becoming  thin 
distad.  Secondaries  stout  proximad,  nimier- 
ous,  10  to  15  pairs,  regularly  spaced  and  ap- 
proximately parallel,  subopposite  to  alternate, 
becoming  farther  apart  in  the  apex  of  the 
leaf;  all  camptodrome.  They  branch  from  the 
midrib  at  a  wide  angle,  which  ranges  from  55^ 
to  90**,  they  curve  but  slightly  until  they  ap- 
proach the  margin,  where  they  sweep  upward 
more  or  less  parallel  with  the  margin  in  a  suc- 
cession of  arches  of  abruptly  diminishing  cali- 
ber. Tertiary  system  of  thin  intermediate 
veins  parallel  with  some  of  the  secondaries 
and  halfway  between  them  and  transverse, 
mostly  percurrent  veinlets. 

This  very  handsome  species  is  well  marked 
and  perfectly  distinct  from  previously  de- 
scribed forms,  although  it  resembles  somewhat 
Hicoria  antiquorum  (Newberry)  Knowlton. 
Its  extreme  variability  in  size  is  well  shown  in 
Plate  LXII,  aside  from  which  its  features  are 
relatively  constant.  The  smaller  leaves  like 
the  one  shown  in  figure  1  are  more  ovate-lanceo- 
late and  symmetric  and  less  extended  apicaUy, 
but  the  larger  are  less  synmietric,  rounded  and 
somewhat  inequilateral  below,  and  greatly 
extended  apically,  with  corresponding  changes 
in  the  angle  of  divergence  of  the  secondaries. 
The  species  is  extremely  abundant  in  all  sizes 
at  the  locality  south  of  Grand  Junction,  Tenn., 
both  the  smallest  and  the  largest  figured  speci- 
mens having  come  from  this  outcrop.  It  is 
about  equally  common  and  variable  in  size  at 
the  Lamar  locality  but  is  less  common  elsewhere. 
It  is  also  found  in  the  Raton  formation  of  the 
southern  Rocky  Mountain  province.  A  large 
nimiber  of  fragments  from  Bastrop  County, 
Tex.,  are  doubtfully  referred  to  this  species. 
They  have  identical  margins  and  venation, 
except  that  the  secondaries  are  more  ascending. 


Their  much  broken  condition  prevents  their 
positive  determination. 

A  number  of  previously  described  Tertiary 
species  are  dose  enough  to  Euonymus  splen- 
dens  to  come  within  the  limits  of  this  discus- 
sion. Among  these  Euonymua  proserpinse 
Ettingshausen  *  is  perhaps  most  like  this  Wil- 
cox species.  It  comes  from  the  Aqmtanian 
of  Priesen,  Bohemia,  and  is  characterized  by 
its  more  prominent  serrate  teeth,  fewer  sec- 
ondaries, and  less  extended  tip.  Ettingshausen 
compared  it  with  the  modem  species  Euanymus 
acuminatuSf  E,  ivaUichii,  E,  javanicus,  E.  pen- 
dvlus,  E,  liamiUonianus,  and  E.  atropurpureus, 
and  considered  it  most  like  the  first,  a  Mexican 
species. 

A  number  of  other  species  of  Euonymus 
have  been  described  from  the  European  Aqui- 
tanian  stage,  but  they  are  much  smaller  leaves, 
though  in  other  respects  much  like  the  fore- 
going. 

American  Tertiary  species  are  less  numerous 
than  the  European.  A  well-marked  early  Eo- 
cene form  (Fort  Union)  from  Montana  was 
named  Euonymus  xaniholithensis  by  Ward  '  and 
compared  with  the  living  American  Euonymua 
atropurpureus  Jacquin,  and  the  East  Indian 
Euonymus  penduhbs  Wallich.  It  has  coarser 
teeth  and  lacks  the  apical  elongation  of  EvrO- 
nymus  splendens,  but  except  for  its  smaller 
size  is  rather  similar  to  that  species.  Another 
sinular  American  species  is  Euonymus  fieiijo- 
lius  Lesquereux,'  which  comes  from  the  Green 
River  Eocene  of  Wyoming.  It  is  about  the 
size  of  the  average  specimens  of  Euonymus 
splendens  and  is  very  similar  in  general  outline 
and  distal  elongation  but  is  relatively  some- 
what narrower,  has  fewer  secondaries,  and  the 
teeth  are  very  prominent,  upwardly  prolonged, 
and  serrate. 

About  twenty  fossil  species  of  Euonymus 
have  been  described,  ranging  in  age  from  the 
base  of  the  Eocene  to  the  Pleistocene.  The 
existing  species  number  about  65  and  are  widely 
distributed  throughout  the  northern  hemis- 
phere becoming  massed  in  the  southeastern 
Asiatic  region,  with  many  species  in  the  up- 
lands of  India  and  China  and  throughout  Ma- 
laysia.   There  are  five  indigenous  species  in 

iKttiufshausen,  C.  von,  Die  fossfle  Flora  des  Tertl&r-Beckesis  von 
Bilin,  Thefl  3,  p.  30,  pi.  48,  flgs.  6,  7, 1869. 

•Ward,  L.  F.,  U.  8.  Geol.  Survey  Bull.  37,  p.  82, pi.  37,  figs.  1, 2, 1887. 

'  Lesquereux,  Leo,  The  Cretaceous  and  Tertiary  floras,  p.  183,  pi.  38, 
flg.  13,  1883. 
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the  United  States,  some  of  which  range  north- 
ward as  far  as  Canada.  There  are  ako  five  or 
six  species  in  Central  America.  The  genus  is 
distinctly  not  a  strand  plant,  but  it  occurs  for 
the  most  part  in  open  mesophile  forests  and 
broken  thickets  of  the  warmer  temperate  and 
tropical  zones. 

Occurrence.  —  HoUy  Springs  sand,  Early 
Grove,  Marshall  County,  Miss,  (not  rare)  (col- 
lected by  E.  W.  Berry),  and  Lamar,  Benton 
County,  Miss.,  in  clay  ironstone  (collected  by 
L.  C.  Johnson).  Wilcox  group,  Coushatta, 
Red  River  Parish,  La.  (collected  by  G.  D.  Har- 
ris), and  1,000  yards  below  Pope  Bend,  Colo- 
rado River,  Bastrop  County,  Tex.  (collected  by 
Alexander  Deiissen).  Lagrange  formation  (in 
beds  of  Wilcox  age):  1^  miles  west  of  Grand 
Junction,  in  Fayette  County,  Tenn.  (four  speci- 
mens); 1  miles  south  of  Grand  Junction,  in 
Fayette  County,  Tenn.  (very  abundant) ;  Pur- 
year,  Henry  County,  Tenn.  (rare);  (all  col- 
lected by  E.  W.  Berry);  and  Hatchie  River 
near  Shandy,  Hardeman  County,  Tenn.,  in  clay 
ironstone  (collected  by  L.  C.  Johnson). 

Collections. — U.  S.  National  Museum. 

Family  BAPUSIDACEM. 
Genus  CUPANTTES  Schimper. 

CuPANrTEs  EOLiGNmcus  Berry,  n.  sp. 

Plates  LXIV,  figures  8  and  9,  and  LXV,  figures  1-^. 

Description. — ^Leaves  compound.  Leaflets  as 
a  rule  relatively  large,  elliptical  and  more  or 
less  inequilateral  in  general  outline,  the  apex 
bluntly  pointed,  and  the  base  broad,  inequilat> 
eral,  and  probably  sessile.  Length  about  11.5 
centimeters.  Maximum  width,  in  the  middle 
part  of  the  leaflet,  about  4  centimeters.  Mar- 
gins carry  distant  and  small  dentate  teeth,  sepa- 
rated by  wide,  shallow,  evenly  curved  sinuses. 
Texture  coriaceous.  Midrib  stout  and  very 
prominent  on  the  lower  surface  of  the  leaflet, 
in  many  specimens  curved  distad.  Seconda- 
ries stout  and  prominent,  irregularly  spaced, 
craspedodrome;  they  diverge  from  the  midrib  at 
wide  angles,  ranging  from  60°  in  the  upper  part 
of  the  leaflets  to  90°  in  the  basal  part;  they  are 
nearly  straight  for  two-thirds  of  the  distance  to 
the  margin,  where  they  generally  fork,  one 
limb  curving  upward  and  the  other  downward 
and  outward  and  both  terminating  in  marginal 
teeth.  Tertiaries  niunerous,  thin,  and  percur- 
rent.    An  exceptionally  small  leaflet  of  this 


species  is  lanceolate-falcate,  has  a  markedly 
inequilateral  base,  and  measures  6.5  centime- 
ters in  length  by  1.75  centimeters  in  maximum 
width.  Two  specimens  from  Louisiana  that 
are  somewhat  doubtfully  referred  to  this  species 
measure  13  by  3  centimeters  and  9  by  2.1  cen- 
timeters, respectively. 

The  leaflets  of  this  species  are  not  uncom- 
mon at  Puryear.  In  general  aspect  they  sug- 
gest the  leaflets  of  some  species  of  Juglandacese, 
but  they  show  differences  in  marginal  and  vena- 
tion characters  and  are  on  the  whole  more  like 
the  leaflets  of  the  existing  species  of  Cupania, 
several  tropical  American  species  of  which  are 
very  close  to  the  fossil  form. 

The  genus  Cupania  LinnS  comprises  more 
than  30  existing  species  in  the  flora  of  tropical 
and  subtropical  America.  It  is  common  in  the 
West  Indies  but  no  longer  lives  on  the  Florida 
mainland.  Fossil  species,  represented  by  both 
leaves  and  fruits,  are  represented  in  certain 
European  Tertiary  deposits.  Those  botanists 
who  doubt  determinations  based  on  foliage 
must  regard  it  as  a  striking  coincidence  that  the 
seven  species  of  Cupania  leaves  reported  by 
Ettingshausen  ^  from  the  clays  of  Alum  Bay 
(Ypresian)  should  be  represented  at  the  syn- 
chronous horizon  on  the  Isle  of  Sheppey,  so 
famous  for  its  pyritized  fruits,  by  eight  charac- 
teristic species  of  Cupania  fruits  and  seeds.^ 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry).  Wilcox  group,  3i 
miles  southeast  of  Naborton,  De  Soto  Parish, 
La.  (collected  by  G.  C.  Matson)! 

Collections. — U.  S.  National  Museum. 

CuPANrrES  LouQHRiDGii  Berry,  n.  sp. 

Plate  LXV,  figure  4. 

Myrica    Copeana.    Lesquereux   (not   Lesquereux,    1874, 

1878),  U.  S.  Nat.  Mu8.  Proc.,  vol.  11,  p.  12,  1888. 

Loughridge,  Report  on  the  geological  and  economic 

features  of  the  Jackson's  purchase  region,  p.  198, 

1888. 

Description. — ^Leaves  pinnately  compound. 
Leaflets  lanceolate,  sessile,  inequilateral,  some- 
what falcate.  Length  about  13  centimeters. 
Maximum  width,  in  the  middle,  part  of  the  leaf- 
lets, about  3  centimeters.  Apex  acuminate. 
Base  bluntly  rounded,  markedly  inequilateral. 
Margins  entire  at  the  base,  elsewhere  bearing 

1  Ettingshausen,  C.  von,  Roy.  Soc.  London  Proc.,  vol.  30,  p.  235, 1880. 
»Idem,  vol.  29,  p.  395,  1879. 
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single  or  doubly  serrate  teeth,  which  increase  in 
size  gradually  from  below  upward  until  they 
are  large  and  prominent  and  directed  upward. 
Midrib  stout,  curved,  prominent  on  the  lower 
surface  of  the  leaflet.  Secondaries  rather  stout, 
prominent,  numerous,  subparallel;  about  25 
subopposite  to  alternate  pairs  diverge  from  the 
midrib  at  angles  of  about  60°  to  65°,  curving 
slightly,  each  ending  craspedodromely  in  a 
major  marginal  tooth;  they  increase  in  caliber 
and  interval  of  spacing  from  below  upward,  and 
one  or  two  pairs  at  the  extreme  base  are  camp- 
todrome.  Near  the  tips  each  sends  a  branch 
from  its  lower  outer  side  to  a  minor  marginal 
tooth,  where  the  teeth  are  developed.  Ter- 
tiaries  fine,  at  approximately  right  angles  to 
the  secondaries,  usually  straight  subparallel 
and  percurrent,  largely  obsolete  by  immersion. 
Texture  subcoriaceous. 

This  species  is  based  primarily  on  a  specimen 
(U.  S.  National  Museum,  No.  2521)  collected  at 
Wicklifle,  Ky.,  many  years  ago  by  R.  H. 
Loughridge,  for  whom  it  is  named.  It  was 
identified  by  Lesquereux  with  Myrica  copeanaj 
which  he  had  described  from  Florissant,  Colo., 
in  1874  and  1878. 

The  plant  beds  at  Florissant  are  much 
younger  than  the  Wilcox  and  are  now  usually 
regarded  as  middle  or  upper  Miocene.  The 
flora  which  they  contain  indicates  an  upland 
mountain-lake  basin.  Though  the  superficial 
resemblance  between  Myrica  copeana  Lesque- 
reux and  Cupania  loughridgii  Berry  is  close  and 
each  is  represented  by  scanty  material,  there 
are  certain  well-marked  differences.  Cupania 
loughridgii  is  more  elongated  and  inequilateral, 
has  a  rounded  sessile  base,  less  prominent  non- 
aquiline  teeth,  less  curved  secondaries,  right- 
angled  percurrent  instead  of  oblique  tertiaries, 
and  a  wider  angle  of  divergence  of  the  marginal 
branches  of  the  secondaries. 

The  character  of  the  entire,  rounded,  inequi- 
lateral, and  sessile  base  clearly  indicates  that  it 
represents  a  leaflet  of  a  compound  leaf,  and  its 
size  suggests  that  the  leaf  was  once-pinnate, 
like  those  of  most  of  the  Sapindaceae  and  Jug- 
landaceae.  This  at  once  removes  from  consid- 
eration such  genera  as  Myrica,  Quercus,  Dryo- 
phyllum,  and  most  of  the  Proteacea?,  which  offer 
superficial  resemblances.  The  craspedodrome 
secondaries  prohibit  comparisons  with  the  dif- 
ferent genera  of  the  JuglandaceaB  or  with  Frax- 
inus.     There  is  some  resemblance  to  the  prote- 


aceous  genus  Rhopala  and  to  members  of  the 
tropical  family  Burseraceee.  The  Sapindaceae 
seem  to  offer  the  surest  comparisons,  and  in  this 
family  the  genera  Cupania,  Dilodendron,  and 
Thouina  deserve  especial  mention.  All  are 
strictly  American  in  the  existing  flora.  Cupania 
contains  30  to  35  species  in  the  Tropics  and  sub- 
tropics,  Dilodendron  1  species  in  Brazil,  and 
Thouina  14  or  15  species  in  the  West  Indies 
and  Mexico. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  WickUffe,  BaUard  County,  Ky. 
(collected  by  R.  H.  Loughridge  and  L.  C. 
Glenn). 

Collection, — U.  S.  National  Museum. 

Genus  DODONiEA  Linnd. 
DoDON-ffiJA  wiLCOXiANA  Berry,  n.  sp. 

Plate  XXXVIII,  figure  2. 

Description, — Leaves  small,  lanceolate  or 
oblanceolate  in  general  outline,  the  apex  nar- 
rowly rounded  or  shortly  pointed  and  the  base 
narrowly  cuneate.  Length  about  3  centime- 
ters. Maximum  width,  at  or  above  the  mid- 
dle, about  0.75  centimeter.  Margins  entire, 
somewhat  revolute.  Texture  coriaceous.  Pe- 
tiole short  and  stout,  not  enlarged,  slightly 
curved,  about  3  millimeters  in  length.  Midrib 
stout  and  prominent.  Secondaries  relatively 
prominent,  about  ten,  mostly  opposite  pairs. 
They  diverge  from  the  midrib  at  wide  angles, 
as  large  as  80°  in  the  upper  part  of  the  leaf, 
and  are  either  straight  or  curved,  becoming 
thin  and  camptodrome  close  to  the  margins. 
Tertiaries  fine,  but  distinct  in  the  fine-grained 
clay  matrix.  They  are  largely  percurrent,  and 
have  cross  nervilles  that  form  quadrangular  or 
pentagonal  meshes. 

This  well-marked  species  seems  clearly  refer- 
able to  Dodonaea,  especially  in  view  of  the 
characteristic  fruits  of  Dodonsea  Jcnoxdiom, 
which  occur  at  Puryear.  It  is  closely  similar 
to  the  less  markedlv  oblanceolate  leaves  of  the 
modern  Dodon^a  liscosa  Linn6  as  well  as  to 
other  West  Indian  species  of  Dodonaea — for 
example,  Dodon».a  angustifolia  Swartz.  It  is 
not  unUke  a  form  from  the  Tertiarv  of  Bolivia 
described  by  Engelhardt  *  as  Gaylussacia  ttr- 
tiaria  and  compared  with  the  existing  Bra- 
zilian   species    Gaylusscu^    ledifolia    Martius. 

1  Engelhardt,  nermann,  Naturwiss.  Oesell.  Isis  in  Dresden  Abh.*. 
1994,  p.  6,  pi.  1,  figs.  8,  9. 
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There  arc  a  number  of  existing  species  of  Gay- 
lussacia  in  central  Brazil,  and  Engelhardt's 
determination  is  probably  correct. 

The  genus  is  represented  by  numerous  spe- 
cies, based  on  both  leaves  and  characteristic 
fruits  in  the  European  Tertiary,  and  a  very 
similar  form,  Dodonxa  viscosoides  Berry,  is 
rather  common  in  the  succeeding  Claiborne 
flora.  The  modern  species  comprise  about 
50  forms,  largely  massed  in  the  Australian 
region  but  represented  in  the  Tropics  of  both 
hemispheres. 

Occurrence,  —  Holly  Springs  sand,  Holly 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

DoDONiEA  KNOWLTONi  Berry,  n.  sp. 

Plate  LXIV,  figure  3. 

Description, — Fruit  a  septicidal,  two-celled, 
two-winged,  reticulated  capsule.  Outline  ellip- 
tical. Capsule  relatively  smaU,  orbicular,  about 
8  millimeters  in  diameter,  centrally  located. 
Number  of  seeds  not  discernible.  Wing  rela- 
tively wide  and  full,  deeply  emarginate  distad 
and  less  deeply  emarginate  proximad,  of  con- 
siderable consistency;  veinlets  mostly  emersed, 
reticulating.  Margins  somewhat  flexuous. 
Total  length  about  1 .6  centimeters.  Maximum 
width,  midway  between  the  apex  and  the  base, 
about  22  millimeters.  Peduncle  long  and  slen- 
der, about  7  millimeters  in  length.  Named  in 
honor  of  Dr.  F.  H.  Knowlton,  of  the  United 
States  Geological  Survey. 

The  fruits  of  the  existing  species  of  Dodoneea 
range  from  membranous  to  leathery  and  are 
two  to  six  celled.     Most  of  them  are  three 
celled,  and,  as  a  rule  carry  two,  but  exceptionally 
only  a  single  seed  in  each  cell.     A  number  of 
species  are  normally  two  celled — as,  for  example, 
DodonsRa  viscosa  Linn6,  a  common  shrub  of  the 
woods,  thickets,  and  strand,  ranging  from  Ber- 
muda and  peninsular  Florida  through  the  West 
Indies.     In  its  size,  general  outline,  and  two- 
celled  character  Dodonsea  idscosa  is  perhaps 
most  like  the  fossil  species,  but  differs  in  its 
less  coriaceous  texture  and  the  relatively  larger 
size  of  the  seed  cavities  and  hence  has  relatively 
narrower  wings.     The  only  other  existing  spe- 
cies w^hich  reaches  the  United  States,  Dodon^a 
jarnaicensis  De  CandoUe,  is  a  shrub  of  the  ham- 
mocks, pineland,  and  the  keys  of  peninsular 
Florida,  occurring  also  throughout  the  West 


Indies.  Its  fruits  are  three  celled,  three  winged, 
smaller,  and  more  deeply  emarginate.  Among 
other  existing  species  that  are  so  similar  as  to 
deserve  mention  are  Dodona&a  angustifolia 
Swartz,  of  the  West  Indies,  which  has  smaller 
fruits;  Dodon^a  canescens  De  CandoUe,  which 
has  somewhat  narrower  fruits,  like  those  of  the 
orienttil  species,  Dodon^a  candoUei  Blum,  with 
which  the  fossil  fruits  have  also  been  compared. 

It  is  a  source  of  considerable  satisfaction 
to  have  the  rather  abundant  remains  of  unmis- 
takable fruits  of  this  genus  preserved  in  the 
Wilcox  deposits,  since  they  render  more  cer- 
tain the  identification  of  the  associated  leaves 
described  as  Dodonsea  wilcoxiana.  It  is  quite 
possible  that  both  leaves  and  fruits  belong  to  a 
single  botanic  species. 

The  fossil  fruits  of  a  considerable  number  of 
species  of  Dodonaea  have  been  described,  and 
though  there  is  no  especial  reason  for  doubting 
any  of  these  identifications  a  number  of  them 
are  based  on  rather  doubtful  material.  This 
is  especially  true  of  Dodonsea  prisca  Weber  ^ 
from  the  Aquitanian  of  Rhenish  Prussia, 
Dodons&a  orbicvJata  Heer,^  Dodonaea  emargi- 
nata  Heer,^  Dodonsea  pteleaefolia  (Weber)  Heer,* 
Dodonaea  aUemanica  Heer,*  which  range  from 
the  Aquitanian  to  the  Tortonian.  The  spe- 
cies described  by  Ettingshausen  •  as  Dodonaea 
salidtes  from  the  Sannoisian  of  Haring  in  the 
Tyrol,  where  it  is  represented  by  characteristic 
leaves  as  well  as  small,  not  well  preserved 
fruits,  which,  however,  I  regard  as  correctly 
determined.  They  are  much  smaller  and 
relatively  much  narrower  and  longer  than  the 
Wilcox  species.  From  the  Tongrian  of  St. 
Zacharie  in  southeastern  France  Saporta^ 
has  described  the  fruits  of  Dodonaea  confusa 
and  Dodonaea  eycloptera,  both  of  which  I  regard 
as  correctly  identified.  Both  are  smaller  and 
otherwise  unlike  the  present  species.  The 
best  preserved  fossil  species  heretofore  noted  is 
Dodonaea  saportana^  described  by  Laurent* 
from   the  Tongrian  of  C^las   (Gard)   France. 

This  is  a  pedunculate  bialate  form,  showing  a 

_ — . ^_ 

>  Weber,  C.  O.,  Palseontographica,  vol.  2,  p.  85,  pi.  5,  fig.  8, 1852. 

>  Heor,  Oswald,  Flora  tertlaria  Helvetise,  vol.  3,  p.  65,  pi.  121,  fig.  17, 
1859. 

'Idem,  p.  ?01,notc. 

«Idem,  p.  364,  pi.  121,  figs.  11, 12. 

Ibidem,  pi.  121,  fig.  15. 

«  Ettingshausen,  C.  von,  Die  terti&re  Flora  von  Haring  in  Tirol,  p. 
68,  pi.  23,  figs.  36-38,  1853. 

7  Saporta,  G.  de,  Etudes  stir  la  v^g^tation  du  sud-est  de  la  France  k 
r  ^poque  tertiaire,  vol.  1,  pp.  240,  241,  pi.  10,  figs.  3,  4, 1863. 

*  Laurent,  Louis,  Flore  des  calcaires  de  C^Ias,  p.  127,  pi.  13,  fig.  9, 1899. 
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single  seed  in  each  cell  of  the  capsule.  Its 
describer  compares  it  with  the  existing  DocUmsea 
candoUei  Blum  of  New' Caledonia,  although  it 
is  equally  similar  to  the  cosmopolitan  Dodonma 
viscosa  Linn6.  Laurent's  species  differs  from 
the  Wilcox  fruit  in  being  longer  than  wide,  not 
emarginate  at  the  base,  and  less  deeply  emar- 
ginate  at  the  apex. 

Occurrence, — Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — U.  S.  National  Museum. 

Genus  SAPINDUS  Lbm^. 

Leaflets  relatively  large  and  wide,  2  centimetera  or  over 
in  maximum  width: 
Widest  medianly,  falcate: 

Apex  and  base  equally  pointed  ...S.  pseudaffinis. 
Apex  blunt  and  base  painted  and  decurrent. 

S.  amahatta. 

Base  broad  and  rounded S.  orfordenns. 

Widest  below  the  middle: 

Equilateral,  tip  gradually  narrowed  and  rounded 

S.  bentonensU. 
Inequilateral,  acuminate,  petiolulate. 

S.  hnowltoni. 
Leaflets  small  and  narrow,  more  or  less  falcate: 

Leaflets? S.  miuiBsippiennB. 

Leaflets  petiolulate: 

Linear*lanceolate,  elongate,  long  petiolulate. 

S.  lineari/blius. 
Ovate-lanceolate: 

Petiolules  over  4  millimeters,  base  subequi- 
lateral,  apex  extended  and  straight  sided. 

S.formomis. 
Petiolules  not  over  3  millimeters,  base  inequi- 
lateral, apex  pointed,  maigins  incurved. 

S.  eoligniticus. 

Sapindus  pseud affinis  Berry,  n.  sp. 

Plate  LXVII,  figure  6. 

Description, — Leaflets  large,  ovate  falcate  in 
outline,  inequilateral,  the  apex  abruptly  pointed 
and  the  base  similarly  pointed.  Length  about 
0.5  centimeter.  Maximum  width  about  3.3 
centimeters,  midway  between  the  apex  and 
the  base.  Margins  entire,  full  and  evenly 
rounded  and  not  becoming  incurved  at  either 
the  apex  or  the  base,  the  regular  curvature  of 
the  margins  continuing  until  they  join  as  an 
jibrupt  point.  Petiolule  short  or  wanting. 
Midrib  very  stout  and  curved.  Secondaries 
much  thinner  but  rather  stout,  12  to  14  sub- 
opposite  to  alternate  pairs,  branching  from  the 
midrib  at  angles  of  more  than  45°  and  curvingup- 
ward,  subparallol,  camptodrome.  Tertiary  sys- 
tem thin  but  very  distinct,  consisting  of  mostly 


percurrent  nervilles  connected  by  intermediate 
veinlets  resulting  in  a  mostly  quadrangular 
areolation.  Leaf  substance  apparently  thin  but 
coriaceous. 

This  large,  handsome  species  is  obviously  ref- 
erable to  Sapindus  and  may  be  closely  matched 
by  a  number  of  existing  tropical  species,  for  ex- 
ample Sapindus  insequalis  De  CandoUe  of  trop- 
ical America  or  Sapindus  baraJc  De  CandoUe  and 
Sapindus  turczaninovni  Vidol  of  the  East  In- 
dies, or  the  East  Indian  species  figured  by 
Ettingshausen.^  Among  fossil  species  it  resem- 
bles Sapindus  grandifoliolus  Ward,^  from  Mon- 
tana, the  principal  difference,  in  addition  to  the 
more  prominent  areolation  of  the  Wilcox  spe- 
cies, being  the  attenuated  tip  of  the  Fort  Union 
species.  Another  similar  Fort  Union  species  is 
the  very  abundant  Sapindus  affinis  Newberry, 
especially  the  larger  forms  like  those  figured  by 
Knowlton'  from  Yellowstone  Park.  These 
specimens  are  nearly  if  not  qmte  as  large  as 
Sapindus  pseudaffinis  and  have  the  same  form 
and  secondary  venation.  The  tertiary  areola- 
tion is  obsolete,  however.  Knowlton,  who  has 
studied  hundreds  of  specimens  of  Sapindus 
affinis,  agrees  with  me  that  the  Wilcox  form  is 
distinct,  but  is  closely  related  to  this  Fort  Union 
species.  It  also  greatly  resembles  a  leaf  from  the 
French  Tertiary  (Sannoisian)  which  is  described 
by  Saporta*  as  Magnolia  (Michdiaf)  proxima. 
Many  leaflets  of  Sapindus  saponaria  Linn6  of 
the  American  tropical  strand  flora  match  this 
fossil  species. 

Sapindus  comprises  more  than  40  existing 
species  (Radlkofer  *  in  his  revision  of  the  Sapin- 
daceae  includes  only  about  10  species  in  Sapin- 
dus), which  are  widely  distributed  throughout 
the  Tropics  of  both  hemispheres,  but  are  most 
abundant  in  the  Asiatic  region.  Several  spe- 
cies like  Sapindus  marginatum  Willdenow  of  our 
Southern  States  extend  considerable  distances 
into  the  Temperate  Zone.  The  fossil  species  are 
numerous  from  the  middle  Cretaceous  onward, 
and  the  genus  isjrominently  represented  in  ihe 
lower  Eocene  floras  of  the  Rocky  Mountain 
area. 


1  Ettlngshausen,  C.  von,  Beitiilge  cur  Kenntnias  der  foasilen  Flora 
yon  Sotzka,  pi.  6,  fig.  9, 1858. 

«  Ward,  L.  F.,  U.  S.  Geol.  Survey  Bull.  37,  p.  67,  pi.  30.  flgs.  3-5;  pi. 
31,  figs.  1,  2, 1887. 

s  Knowlton,  F.  H.,  U.  S.  Oeol.  Survey  Hon.  32,  p.  736,  pi.  1Q2,  figs. 
1^,  1899. 

4  Saporta,  O.  de,  Demi^res  adjonctlons  k  la  flore  fooslle  d'Aix-en- 
Provence,  pt.  2,  p.  80,  pi.  14,  flg.  1, 1889. 

ft  Engler,  A.,  and  Prantl,  K.,  Die  natOrlichen  Pflanieiifaiiifllen,  1887- 
1901. 
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Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — U.  S.  National  Museum. 

Sapindus  coushatta  Berry,  n.  sp. 

Plate  LXV,  figure  5. 

Juglans  ruffoaa.  Hollick  (in  part^  not  Lesquereux),  in 
Harris,  G.  D.,  and  Veatch,  A.  C,  A  preliminary  re- 
port on  the  geology  of  Louisiana,  p.  280,  pi.  35,  fig.  1 
(not  hg.  2),  1899. 

Description. — ^Leaflets  relatively  large,  obo- 
vate,  and  somewhat  falcate  in  general  outline. 
Apex  not  produced,  inequilateral,  bluntly 
pointed.  Base  inequilateral,  pointed,  and  some- 
what decurrent.  Length  about  7  centimeters. 
Maximiun  width,  near  the  middle  of  the  leaflet, 
about  3.4  centimeters.  Margins  entire,  rather 
evenly  rounded.  Texture  subcoriaceous.  Petio- 
lule  missing.  Midrib  stout,  prominent,  and 
curved.  Secondaries  rather  stout,  about  seven 
subopposite  to  alternate  pairs;  they  diverge 
from  the  midrib  at  angles  of  about  50®  to  70®, 
more  open  on  the  side  of  the  midrib  where 
the  lamina  is  widest;  they  are  subparallel  and 
rather  straight  until  they  reach  the  marginal 
region,  where  they  curve  upward  and  are 
camptodrome.  Tertiaries  well  marked,  mostly 
forking  and  inosculating,  forming  an  open, 
mostly  five-sided  areolation. 

This  species  is  based  on  one  of  the  two  forms 
from  the  Wilcox  group  of  Louisiana  which  are 
referred  by  Hollick  to  Juglans  rugosa  Lesque- 
reux,*  a  form  from  the  lower  Eocene  of  the 
Rocky  Moimtain  province  that  is  in  general 
much  larger,  much  more  elongated,  and  has  a 
broader  base. 

The  present  species  is  much  broader  than 
Sapindus  knowUoni,  S.  mississippiensis,  S.  lin- 
earifolius,  S.formosus,  and  S.  eoligniticas  of  the 
Wilcox  flora.  It  is  much  shorter  and  broader 
than  the  two  large  species,  S.  hentonensis  and 
S.  oxfordensis.  It  is  not  so  large  as  the  leaflets 
of  S.  pseudaffiniSf  but  is  more  elliptical  in  out- 
line, more  pointed  at  the  base,  and  differs  in  the 
details  of  the  tertiary  venation. 

Occurrence. — Wilcox  group,  one-fourth  mile 
above  Coushatta,  Red  River  Parish,  La.  (col- 
lected by  A.  C.  Veatch). 

Collection. — New  York  Botanical  Garden. 


1  Lesquereux,  Leo,  The  Tertiary  flora,  p.  286,  pi.  54,  figs.  5, 14;  pi.  55; 
figs.  1-9;  pi.  56,  figs.  1,  2, 1878. 
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Sapindus  oxfordensis  Berry,  n.  sp. 

Plate  LXVII,  figure  5. 

Description. — ^Leaflets  large,  elongate  ellip- 
tical-lanceolate in  outline,  falcate,  slightly  ine- 
quilateral, the  apex  pointed  and  the  base  mark- 
edly inequilateral,  roimded  on  one  side  and 
narrow  and  straight  on  the  other  side.  Length 
about  9  centimeters.  Maximum  width,  in  the 
middle  part  of  the  leaflet,  about  1.8  centimeters. 
Margins  entire.  Petiolule  short  and  stout, 
timiid,  about  3  millimeters  in  length.  Midrib 
stout  and  curved.  Secondaries  thin,  about 
eight  subopposite  pairs,  diverging  from  the 
midrib  at  wide  angles,  about  50®,  curving  reg- 
ularly upward,  subparallel  and  camptodrome. 
Tertiaries  mostly  obsolete. 

This  wellrmarked  species  is  sparingly  repre- 
sented in  the  collections  from  Oxford  and  Gre- 
nada. It  is  clearly  unlike  the  other  Wilcox 
species  of  Sapindus.  It  approaches  closest  to 
Sapindus  pseudajfinis  Beny  but  is  smaller,  has 
less  regularly  curved  margins  or  pointed  ends 
and  fewer  secondaries,  and  the  tertiary  vena- 
tion is  less  prominent  and  different.  It  is  en- 
tirely distinct  from  Sapindus  hentonensis  Berry 
as  well  as  from  the  other  Wilcox  species,  which 
have  much  smaller  leaflets.  It  is  not  unlike 
the  Fort  Union  species  Sapindus  grandifoliolus 
Ward  and  the  larger  leaflets  of  Sapindus  ajfinis 
Newberry.  It  is  like  a  number  of  existing 
species,  including  Sapindus  saponaria  Linn6  of 
the  American  tropical  and  subtropical  strand 
flora,  and  is  especially  like  the  larger  leaflets  of 
Sapindus  marginatum  Willdenow,  which  ranges 
along  the  Florida  coast  northward  as  far  as  St. 
Johns  River  and  Cedar  Keys. 

Occurrence.— KoWy  Springs  sand,  Oxford, 
Lafayette  County,  Miss,  (collected  by  E.  W. 
Berry) .  Grenada  formation,  Grenada,  Grenada 
County,  Miss,  (collected  by  E.  N.  Lowe  and 
E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Sapindus  hentonensis  Berry,  n.  sp. 

Plate  LXVII,  figure  4. 

Description. — Leaflets  ovate-lanceolate  in  out- 
line, widest  toward  the  base  and  taper  upward 
to  a  narrow  blimt  or  slightly  emarginate  tip. 
Length  about  10  centimeters.  Maximum 
width,  in  the  lower  half  of  the  leaflet,  about 
2.5    centimeters.     Margins    entire,    imdulate. 
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Texture  subcoriaceous.  Petiolule  not  pre- 
served. Midrib  very  stout  proximad  but  thins 
considerably  distad.  Secondaries  thin,  about 
12  irregularly  spaced  pairs.  They  branch  from 
the  midrib  at  different  angles.  In  the  lower 
half  of  the  leaflet  the  angles  are  about  45°  and 
the  secondaries  are  curved  and  camptodrome. 
In  the  upper  part  of  the  leaflet  the  angles 
become  progressively  more  open  imtil  th^ey 
reach  about  80®.  The  secondaries  are  straight 
to  the  marginal  region,  where  their  ends  are 
joined  by  a  wide  flat  arch.     Tertiaries  mostly 

obsolete. 

This  species  appears  to  be  new.  Unfortu- 
nately it  is  represented  only  by  the  specimen 
figured,  which  was  collected  many  years  ago 
by  the  Arkansas  Geological  Survey  and  is  in 
the  United  States  National  Museimi  (No.  8610), 
and  by  another  specimen  from  Wilson  County, 
Tex.  The  specimen  first  mentioned  was  iden- 
tified as  Sapindus  sp.  by  Prof.  Ward. 

Occurrence. — Wilcox  group,  east  of  Benton, 
Saline  Coimty,  Ark.  (the  locality  given  is  sec. 
28,  T.  2  S.,  R.  14  W.).  Beds  of  Wilcox  age, 
Calaveras  Creek,  Wilson  County,  Tex.  (collected 
by  Alexander  Deussen). 

Collection. — ^U.  S.  National  Museum. 

Sapindus  knowltoni  Berry,  n.  sp. 

Plate  LXIII,  figure  6. 

Description. — Leaflets  of  medium  size,  ovate- 
lanceolate,  slightly  inequilateral  and  falcate  in 
general  outline,  the  base  broadly  rounded  and 
the  tip  elongated,  acuminate.  Length  about 
8.5  centimeters.  Maximum  width,  in  the  basal 
half  of  the  leaflet,  about  2.1  centimeters. 
Margins  entire,  slightly  irregular  in  the  even- 
ness of  their  curvature,  opposite  at  the  base 
and  similarly  arched  on  both  sides  of  the  mid- 
rib, the  base,  however,  being  inequilateral  in  a 
ratio  of  8.5  to  11.  Leaf  substance  relatively 
thin  but  texture  apparently  subcoriaceous. 
Petiolule  enlarged,  stout,  nearly  straight, 
forming  an  angle  with  the  midrib,  about  6  mil- 
limeters in  length.  Midrib  stout,  oblique  with 
respect  to  the  petiolule,  curved,  prominent  on 
the  lower  surface  of  the  leaflet.  Secondaries 
relatively  thin  but  stouter  than  in  the  asso- 
ciated small-leafed  species  of  this  genus,  about 
seven  or  eight  alternate,  somewhat  irregularly 
spaced  pairs;  they  diverge  from  the  midrib  at 
angles  of  about  50®  and  curve  gently  upward, 


the  curve  becoming  accelerated  in  the  marginal 
region,  where  they  are  camptodrome.  Ter- 
tiary system  fine  but  distinct,  consisting  of 
small  four  to  six  sided  isodiametric  meshes. 

This  species,  which  is  named  in  honor  of 
F.  H.  Knowlton,  of  thiB  United  States  Geo- 
logical Survey,  is  distinct  from  the  associated 
Wilcox  species  of  Sapindus  as  well  as  from 
previously  described  fossil  forms.  It  resem- 
bles several  of  the  Wilcox  species,  how- 
ever, especially  Sapindus  fomvosus  Berry  and 
Sapindus  eoligniticus  Berry,  both  of  which  are 
slightly  smaller  and  neither  has  such  a  long 
and  stout  petiolule.  Both  of  these  species  are 
also  more  coriaceous  and  have  thinner,  more 
regular  secondaries,  and  the  areolation  is  more 
immersed. 

Among  existing  species  of  Sapindus  the  pres- 
ent form  can  scarcely  be  distinguished  from 
Sapindus  margirustus  Willdenow,  a  small  coastal 
tree  of  the  Florida  peninsula. 

Occurrence. — Wilcox  group,  Benton,  Saline 
County,  Ark.  (collected  by  R.  E.  Call).  La- 
grange formation  (in  beds  of  Wilcox  age),  Pur- 
year,  Henry  County,  Tenn.  (collected  by  E.  W. 
Berry). 

Collections. — U.  S.  National  Museum. 

Sapindus  mississippiensis  Berry,  n.  sp. 

Plates  LXIII,  figure  1,  LXIV,  figure  10,  LXVI,  figures 

1  and  2,  and  CIX,  figure  1. 

Sapindus  anguatifolius  Lesquereux.  HoUick,  in  Harris, 
G.  D.,  and  Veatch,  A.  C.,  A  preliminary  report  on  the 
geology  of  Louisiana,  p.  286,  pi.  35,  fig.  5,  1S99. 

Loughridge,  Report  on  the  geological  and  economic 
featiu^s  of  the  Jackson's  purchase  region,  p.  198, 
1888. 

Lesquereux,  U.  S.  Nat.  Mus.  Proc.,  vol.  11,  p.  12, 1888 
(not  1873,  1878). 

Veatch,  U.  S.  Geol.  Stirvey  Prof.  Paper  46,  pi.  17, 
fig.  6,  1906. 

Description. — Leaves  odd-pinnate.  Leaflets 
small,  slightly  inequilateral,  acuminate-lanceo- 
late in  outline,  invariably  more  or  less  falcate. 
Apex  somewhat  abruptly  narrowed  and  pro- 
longed as  a  slender  acumen.  Base  ciineate, 
in  many  specimens  narrowly  pointed  and 
matching  the  apex.  Length  ranges  from  4  to 
6.75  centimeters.  Maximum  width,  halfway 
between  the  apex  and  the  base,  1.4  or  1.5  cen- 
timeters. Margins  entire,  rather  evenly  curved. 
Texture  subcoriaceous.  Petiolule  generally 
wanting,  stout  and  4  centimeters  long  in  one 
specimen.     Midrib    stout    and    curved.     Sec- 
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ondaries  thin,  about  eight  subopposite  to  alter- 
nate pairs,  subequally  spaced;  they  diverge 
from  the  midrib  at  angles  of  about  45**  and 
pursue  a  slightly  but  regularly  curved,  sub- 
parallel  course,  eventually  becommg  approxi- 
mately parallel  with  the  lateral  margins  and 
camptodrome.  Tertiaries  commonly  obsolete. 
A  specimen  collected  at  Wickliflfe,  Ky.,  by 
R.  H.  Loughridge  and  identified  as  Sapindiis 
angvMifolius  by  Lesquereux  shows  the  terminal 
leaflet  and  one  of  the  lateral  leaflets  attached 
to  the  rachis,  indicating  that  the  leaves  were 
odd-pinnate,  as  in  the  existing  Sapindus  mar- 
ginahis  Willdenow.  The  terminal  leaflet  is 
slightly  larger  than  the  lateral  leaflet  preserved 
and  has  a  somewhat  different  secondary  vena- 
tion, the  upper  secondaries  being  continued  as 
a  marginal  hem,  thus  resembling  a  Myrcia  or 
Ficus. 

This  is  a  characteristic  species  of  Sapindus 
of  the  forms  that  bear  numerous  small  falcate 
leaflets.     A  specimen  of  it  from  Louisiana  was 
referred  to  Sapindus  angustifolius  by  HoUick, 
and  several  from  Kentucky  were  also  referred 
to    that    species    by    Lesquereux.     Sapindus 
angustifolius  comes  from  the  Miocene  of  Colo- 
rado, and  though  all  the  species  of  Sapindus 
that  bear  small  falcate  leaflets  are  much  alike, 
this  Wilcox  form  really  has  nothing  in  common 
with    Sapindus  angustifolius^   the  leaflets   of 
which  are  widest  toward  the  base  and  gradu- 
ally taper  upward  to  a  narrow  extended  tip. 

This  species  may  be  distinguished  from  the 
several  other  small  Wilcox  species  of  Sapindus 
by  the  same  features  that  distinguish  it  from 
Sapindus  angustifolius  Lesquereux.  It  sur- 
vives the  Wilcox  and  is  found  in  the  Gosport 
and  Lisbon  formations  of  the  Claiborne  group 
and  is  rather  common  in  the  Lisbon  formation 
near  Newton,  Miss.  It  is  much  like  the  leaves 
from  the  Tertiary  of  Ecuador  described  by 
Engelhardt^  as  Myrdaria  tenuifolia. 

Occurrence. — Holly  Springs  sand,  Early 
Grove,  Marshall  County,  Miss,  (collected  by 
W  J  McGee).  Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Wilcox  group,  Kan- 
sas City  Southern  Railway,  1  mile  west  of 
Shreveport,  Caddo  Parish,  La.  (collected  by 
A.  C.  Veatch),  and  Bolivar  Creek,  3^  miles 
north   of    Harrisburg,   Poinsett  County,   Ark. 


lEngelhardty  fHennann,  Scnckenbcrgische  naturfi  Gesell.  Abh.,  vol. 
19,p.l7,pl.  l.fl«.  24»18W. 


(collected  by  L.  W.  Stephenson).  Lagrange 
formation  (in  beds  of  Wilcox  age),  WickUflfe, 
Ballard  County,  Ky.  (collected  by  R.  H. 
Loughridge,  2  specimens  No.  2699),  and  Pur- 
year,  Henry  Coimty,  Tenn.  (collected  by  E.  W. 
Berry); 

Collections. — U.  S.  National  Museum;  New 
York  Botanical  Garden. 

Sapindus  linearifolius  Berry,  n.  sp. 

Plates  LXIII,  figures  2-5,  and  CIX,  figure  4. 

Salix  anguata .   Lesquereux  (not  Alexander  Braun  or  Heer), 
U.  S.  Nat.  Mus.  Proc.,  vol.  11,  p.  13,  1888. 
Loughridge,  Report  on  the  geological  and  economic 
featuresof  the  Jackson's  purchase  region,  p.  198, 1888. 

Description. — Leaflets  narrow,  linear-lanceo- 
late and  markedly  falcate  in  outline,  the  apex 
gradually  narrowed  and  pointed  and  the  base 
narrow,  acute,  and  nearly  equilateral.  Length 
ranges  from  6  to  10  centimeters.  Maximum 
width,  which  is  below  the  middle,  ranges  from 
7  to  14  centimeters.  Margins  entire,  sub- 
parallel  for  most  of  their  length,  somewhat 
revolute.  Leaf  substance  thick  and  tex4;ure 
coriaceous.  Petiolule  long  and  stout,  pre- 
served for  a  length  of  7  miUimeters.  Midrib 
stout,  considerably  curved.  Secondaries  thin, 
immersed,  and  mostly  obsolete,  12  to  14  sub- 
opposite  to  alternate  pairs,  diverging  from 
the  midrib  at  wide  angles,  rather  straight  until 
they  reach  the  marginal  region,  where  they 
curve  abruptly  upward  to  form  a  broad  flat 
arch,  subparallel  with  the  margins.  Tertiaries 
obsolete. 

This  is  a  well-marked  slender  falciform 
species,  not  especially  close  to  any  of  the  other 
Wilcox  species  and  readily  discriminated  by 
its  narrow  elongated  falcate  form,  subequi- 
lateral  lamina,  long  petiolule,  coriaceous  tex- 
ture, and  immersed  venation.  It  is  much  Hke 
a  species  of  Sapindus  of  the  Claiborne  group 
but  more  linear  and  may  possibly  represent 
an  ancestral  form. 

Lesquereux  in  1888  identified  three  frag- 
ments from  Wickliffe,  Ky.,  as  Salix  angusta 
Alexander  Braun  (U.  S.  Nat.  Mus.  No.  2588). 
They  do  not  resemble  that  Miocene  species,  as 
the  texture  alone  sufficiently  indicates,  but 
represent  the  present  species,  a  single  specimen 
of  which  was  subsequently  collected  from  the 
same  locaUty  by  L.  C.  Glenn. 

Occurrence. — Holly  Springs  sand.  Early  Grove 
and  Holly  Springs,  Marshall  County,  Miss,  (col- 
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ZizYPHUS  MEiGSii  (Lesquereux)  Berry. 

Plate  LXX,  figures  3-5. 

Ceanothua  Meigsii.    Lesquereux,  Am.  Philos.  Soc.  Trans., 
vol.  13,  p.  419,  pi.  19,  figs.  5-7,  1869. 

Description, — Lesquereux's  description,  writ- 
ten in  1869,  is  as  follows: 

C.  foliis  petiolatis,  late  ovatis,  basi  truncatis,  cordatisve, 
in  longum  apicem  attenuatis,  obtuse  sequiliter  serratis, 
triplinerviis,  nervis  secundarlis  infimis  basilaribiis,  tenui- 
bus,  superioribuB  crassis,  nervo  primario  subsequalibus, 
arcuatis,  extrorsum  infeme  ramosis,  aorodromis  imper- 
fectis. 

This  species  is  extremely  variable,  and  in  the 
light  of  the  recently  collected  material  the  fore- 
going diagnosis  may  be  considerably  amended 
and  amplified.  In  general  these  leaves  range 
from  ovate-lanceolate  to  elliptical  lanceolate 
in  outline  and  they  appear  to  be  invariably 
more  or  less  inequilateral.  The  base  ranges 
from  cuneate  to  very  broadly  rounded  and  in 
some  specimens  markedly  cordate.  The  apex 
is  rather  uniformly  narrowed  and  extended  as 
a  much  elongated  slender  acumen,  which  when 
the  lamina  is  broad,  as  in  Lesquereux's  figure 
7,  shows  an  abrupt  approach  of  the  margins  at 
the  base  of  the  acumen.  Recently  collected 
material  shows  this  acumen  even  longer  and 
more  slender  than  in  the  figure  cited.  The 
marginal  teeth  are  variable,  ranging  from  small 
crenate  teeth,  approaching  the  serrate  in  form, 
to  large  full  rounded  crenate  teeth.  The  mar- 
gins as  a  rule  are  entire  at  the  base  of  the  leaf 
and  the  teeth  become  obsolete  in  the  acumen. 
The  petiole  is  stout  and  enlarged  proximad 
and  is  3  centimeters  long  in  the  small  specimen 
figured.  The  midrib  is  stout  and  curved  in  the 
falcate  forms  or  curved  and  recurved  in  some 
of  the  broader  leaves.  The  lateral  primaries  are 
stout  but  much  less  so  than  the  midrib.  They 
are  subopposite  or  opposite  and  suprabasilar, 
branching  from  the  midrib  at  more  or  less  acute 
angles,  curving  outward,  and  finally  joining  a 
secondary  in  the  upper  region  of  the  broad 
part  of  the  lamina.  There  are  several  pairs  of 
well-marked  camptodrome  secondaries  from 
the  upper  midrib,  and  similarly  curved  camp- 
todrome secondaries  from  the  outer  sides  of  the 
lateral  primaries,  tertiary  branches  from  which 
enter  the  marginal  teeth.  The  venation  be- 
comes obsolete  for  the  most  part  as  the  margin 
is  approached,  especially  in  the  upper  part  of 
the  leaf.     Length  ranges  from  13  to  18  centi- 


meters, the  acumen  over  5  centimeters  long  in 
one  specimen.  Maximum  width  3  to  8  centi- 
meters, generally  about  6  centimeters. 

Lesquereux  recorded  this  species  from  the 
yellow  coarse  clay  of  Mississippi  and  the  soft 
white  clay  of  La  Grange,  Tenn.,  the  specimens 
from  Mississippi  having  been  collected  by  E.  W. 
Hilgard  and  those  from  Tennessee  by  J.  M. 
Saflford.  All  these  types  have  totally  disap- 
peared. The  species  has  since  been  found  at 
Safford's  original  locality  or  in  the  inmiediate 
vicinity,  but  there  is  some  uncertainty  regard- 
ing Hilgard's  locality  in  Mississippi.  Accord- 
ing to  Lesquereux's  *  statement  ^  the  ''yellow 
coarse  clay"  was  from  old  Winston  County, 
now  a  part  of  Choctaw  County,  but  there  is  a 
possibiUty  that  it  came  from  Raglands  Branch 
in  Lafayette  County.  After  canvassing  all  the 
possibilities  I  have  decided  that  the  original 
locaUty  was  the  one  known  as  Colemans  Mill, 
near  New  Prospect,  Choctaw  County.  I  have 
not  revisited  this  locaUty,  since  the  matrix  is 
sandy  and  the  specimens  that  I  have  seen  from 
there  are  for  the  most  part  very  poor. 

Lesquereux  referred  the  present  species  to 
Ceanothus,  comparing  it  with  our  existing 
CeafwthtLS  americanus  Linnfi  and  with  Ceano- 
thus  tUisefolius  Unger  of  the  European  Tertiary, 
a  species  subsequently  transferred  to  Zizyphus 
by  Heer.  The  American  form  also  appears  to 
be  more  properly  referable  to  the  allied  genus 
Zizyphus,  as  Schimper  first  pointed  out  in  1874. 
It  is  widely  distributed  in  the  Wilcox  but  never 
common.  I  have  seen  or  collected  it  at  sev- 
eral localities,  but  by  a  singular  misfortune  the 
specimens  have  been  broken  in  getting  them 
out  or  during  their  transit  to  Baltimore,  so  that 
there  is  not  a  single  perfect  specimen  in  the 
collections,  some  of  the  most  complete  being 
those  figured  in  the  present  contribution. 

This  magnificent  species  is  a  veritable  giant 
compared  with  either  the  fossil  or  with  most  of 
the  living  species  of  Zizyphus  and  aUied  genera, 
and  none  of  the  described  forms  are  in  danger 
of  being  confused  with  it.  The  existing  species 
number  about  two  score  and  are  largely  con- 
fined to  the  Indo-Malayan  Tropics,  only  a  single 
species  of  the  long  line  of  Cretaceous  and  Ter- 
tiary ancestors  being  left  in  the  American 
Tropics.  Some  of  the  East  Indian  species  are 
closer  to  Zizyphus  mAgsii  than  are  the  tropical 

1  Am.  Philos.  Soc.  Trans.,  vol.  13,  p.  424, 1860. 


RHAMNALES. 


277 


Secondaries  thin,  about  nine  subopposite  to 
alternate  pairs,  diverging  from  the  midrib  at 
angles  of  more  than  45°,  and  becoming  much 
more  open  toward  the  tip  of  the  leaf,  irregu- 
larly spaced,  regularly  curved,  camptodrome  in 
the  marginal  region.  Tertiaries  mostly  obsolete. 
Leaf  substance  thick.    Texture  coriaceous. 

This  species  may  be  compared  with  the  same 
western  species  as  Sapindus  forjnosua  Berry. 
It  is  much  like  Sapindus  formosus  in  size  and 
general  appearance  but  is  readily  distinguished 
by  its  broader  form,  shorter  tip,  more  coria- 
ceous texture,  less  ascending  secondaries, 
broader,  more  inequilateral  base,  and  shorter 
petiole.  It  is  common  at  Puryear,  Tenn., 
and  greatly  resembles  the  forms  from  the 
Raton  formation  which  are  referred  by  Knowl- 
ton  to  Sapindus  affinis  Newberry. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn., 
common  (collected  by  E.  W.  Berry),  and  Wick- 
liffe,  Ballard  County,  Ky.,  common  (collected 
by  L.  C.  Glenn). 

CoUections. — U.  S.  National  Museum. 

Order  BHAMNALBS. 
Family  BHAMNACE2. 
Genus  ZIZYPHUS  Linn^.    ^ 

ZizYPHUs  FALCATUS  Berry,  n.  sp. 

Plates  LXIX,  figure  5,  and  LXX,  figures  1  and  2. 

Description. — Leaves  of  variable  size,  lance- 
olate or  ovate-lanceolate  in  outline,  invaria- 
bly falcate,  the  base  decurrent  and  the  tip 
gradually  narrowed,  acuminate.  Length  ranges 
from  7  to  13  centimeters.  Maximum  width, 
which  is  in  the  lower  half  of  the  leaf,  ranges 
from  1.25  to  3  centimeters.  Margins  irregu- 
larly and  aa  a  rule  prominently  crenate, 
the  teeth  becoming  obsolete  at  the  extreme 
base  and  in  the  tip;  less  close  set  and  promi- 
nent in  the  smaller,  narrower  leaves.  Texture 
coriaceous.  Petiole  short,  stout,  and  curved, 
7  to  12  millimeters  in  length.  Midrib  stout, 
prominent,  curved,  becoming  thin  in  the  tip. 
Lateral  primaries  one  on  each  side,  suboppo- 
site, suprabasilar,  relatively  stout  but  much 
less  so  than  the  midrib;  they  diverge  at  acute 
angles,  the  acuteness  depending  on  the  relative 
width  of  the  leaf,  and  pursue  courses  parallel 


with  the  respective  lateral  margins,  joining 
secondaries  above  the  middle  of  the  leaf.  The 
secondaries  consist  of  three  categories;  an 
opposite  pair  diverge  from  the  base  of  the 
midrib  and  pursue  a  course  parallel  with  the 
lateral  primaries  and  margins  for  a  varying 
distance  upward;  two  or  three  thin  campto- 
drome pairs  arise  from  the  midrib  in  the  tip  of 
the  leaf;  and  thin  camptodrome  secondaries 
run  outward  from  the  lateral  primaries'.  The 
primaries,  and  midrib  are  connected  by  numer- 
ous thin,  nearly  straight,  transverse  veinlets^ 
largely  immersed  in  the  thick  leaf  substance. 

This  species  is  in  many  respects  rather  close 
to  Zizyplms  meigsii  (Lesquereux) .  and  may 
possibly  represent  variants  of  that  species^ 
whose  leaves  are  notoriously  variable.  There 
are  abundant  grounds,  however,  for  specific 
diflFerentiation.  ZizypTius  meigsii  appears  to 
be  invariably  much  widened  below,  so  that 
without  the  acumen  its  outline  would  be  orbic- 
ular, and  some  individuals  have  a  cordate  base. 
It  develops  a  very  long  attenuated  acumen, 
and  as  a  rule  has  large  close-set  teeth.  Zizy- 
pliusfdlcatuSj  on  the  other  hand,  is  smaller,  lan- 
ceolate-falcate in  form,  and  no  specimens  are 
much  widened  proximad-#  The  base  is  cuneate 
and  decurrent,  and  the  tip  regularly  tapering. 

The  leaf  substance  is  more  coriaceous.  The 
teeth  are  smaller  and  more  distant  in  the 
smaller  leaves. 

Zizyplms  fcdcatus  is  nearer  to  the  existing 
American  species  of  Zizyphus  than  is  the  asso- 
ciated Zizyphus  meigsii  and  is  a  typical  mem- 
ber of  the  genus.  Among  previously  described 
fossil  forms  it  greatly  resembles  Zizyphus 
ungeri  Heer,*  a  species  that  is  exceedingly  com- 
mon in  the  European  Ohgocene.  Ettingshau- 
sen  in  his  account  of  the  flora  from  Haering  in 
the  Tyrol  has  figured  a  large  number  of  speci- 
mens of  this  species  which  admirably  illustrate 
its  variations. 

Zizyphus  fcdcatus  is  represented  in  the  subse- 
quent Claiborne  deposits  of  the  embayment 
region  by  the  similar  Zizyphus  daihomensis 
Berry. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 


1  Heer,  Oswald,  Flora  tertiarla  Ildvetise,  vol.  3,  p.  74,  pi.  122,  fig.  26,. 
1859. 
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Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collections, — U.  S.  National  Museum. 

Paliueus  pinsonensis  Berry,  n.  sp. 

Plate  LXXI,  figure  7. 

Description, — Leaves  rather  above  the  aver- 
age size  for  this  genus,  elliptical  in  outline, 
margins  full  and  entire,  curving  inward  at  the 
base  and  slightly  decurrent  on  the  short  and 
stout  petiole.  The  extreme  tip  of  the  leaf  is 
missing,  but  from  the  way  in  which  the  mai^ns 
bend  inward  distad  it  is  assumed  to  have  been 
broadly  rounded,  although  there  is  the  possi- 
bility that  the  margins  turned  to  form  a  short 
pointed  tip.  Length  about  4  centimeters. 
Maximum  width  about  1.9  centimeters  in  the 
middle  part  of  the  leaf.  Primaries  five  in  num- 
ber, diverging  palmately  at  acute  angles  from 
the  extreme  base  of  the  leaf;  the  midrib  is  no 
larger  or  more  prominent  than  the  main  lateral 
primaries;  the  two  outer  primaries  are  more 
slender  and  shorter,  forming  a  marginal  hem 
for  half  the  length  of  the  margin.  Midrib 
curved,  main  primaries  evenly  bowed,  aero- 
drome. Secondaries  camptodrome  from  the 
outside  of  the  main  lateral  primaries.  Ter- 
tiaries  very  fine,  curved,  mostly  transverse. 
Texture  thin. 

This  species  shows  more  or  less  resemblance 
to  a  number  of  described  forms,  suggesting 
particularly  some  of  the  forms  which  have 
been  referred  to  the  widespread  Paliurus 
colomhi  Heer,*  so  common  in  Arctic  America 
and  recorded  from  a  number  of  early  Eocene 
localities  in  the  western  part  of  North  America 
(Rocky  Mountain  region).  Paliurus  pinso- 
n^n^s  is  somewhat  larger  and  more  symmetric 
than  the  leaves  of  the  modem  species,  which 
are  usually  broadest  proximad  and  pointed 
distad.  Several  fossil  forms,  however,  for  ex- 
ample, Paliurus  orhicuUUus  Saporta,'  are  ellip- 
tical or  orbicular  and  have  a  rounded  apex. 

The  present  species  somewhat  resembles  the 
Cretaceous  species  Paliurus  ovalis  Dawson  * 
and  Paliurus  ohovatus  Lesquereux  *  and  may 

» Heer,  Oswald,  Flora  fossllls  arclica,  voL  1,  p.  122,  pi.  17,  flg.  ad;  pi.  19, 
figs.  2-4, 1868. 

>  Saporta,  O.  de,  Etudes  sur  la  v^^tation  du  sud-est  de  la  France 
k  r^poque  tertiaire,  vol.  3,  p.  182,  pi.  8,  fig.  6, 1867. 

«  Dawson,  J.  W.,  Roy.  Soc.  Canada  Tran.«j.,  vol.  3,  sec.  4,  p.  14,  pi.  4, 
figs.  4, 8, 1886. 

« Lesquereux,  Leo,  The  flora  of  the  Dakota  group,  p.  165,  pi.  35,  flg.  6, 
1892. 


possibly  be  a  descendant  of  one  of  these  forms. 
It  resembles  somewhat  dnnamomum  vero Berrv, 
which  occurs  at  Oxford  and  Holly  Springs, 
Miss.,  and  at  Puryear,  Tenn.,  but  is  a  smaller, 
thinner,  more  obtuse  leaf,  with  a  shorter  petiole, 
and  with  curved  outer  secondaries  instead  of 
straight  transverse  veins  between  the  lateral 
primaries.  It  is  only  known  from  the  one  lo- 
cality near  the  base  of  beds  of  Wilcox  age, 
where  the  small  florule  has  a  somewhat  diflFer- 
ent  facies  from  the  ordinary  Wilcox  aspect. 

Occurrence, — Lagrange  formation  (in  beds 
of  Wilcox  age),  Pinson,  Madison  Coimty,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — U.  S.  National  Museimi. 

Paliurus  angustus  Berry,  n.  sp. 

Plate  LXXI,  figures  5  and  6. 

Description, — Leaves  of  mediimi  size  for 
this  genus,  relatively  narrow,  ovate-lanceolate 
in  general  outline,  about  3.5  centimeters  in 
length  by  about  1.1  centimeters  in  maximum 
width,  in  the  middle  part  of  the  leaf.  Apex 
bluntly  pointed.  Base  more  acute,  decurring 
to  the  stout  petiole.  Margins  entire.  Leaf 
substance  very  thin.  Petiole  stout,  3  or  4 
millimeters  in  length.  Midrib  stout,  curved. 
Lateral  primaries  one  on  each  side,  thin,  sub- 
opposite,  suprabasalar,  branching  from  the 
midrib  at  an  acute  angle,  joining  a  lateral 
branch  from  the  lowest  secondaries  in  the 
middle  part  of  the  leaf.  Secondaries  four, 
subopposite  to  alternate,  very  thin  pairs,  curv- 
ing upward,  camptodrome.  The  tertiaries  are 
not  clearly  made  out;  as  figured  on  the  accom- 
panying plate  the  transverse  lining  is  com- 
posed in  part  of  transverse  veins  and  is  in  part 
due  to  the  wrinkling  of  the  very  thin  leaf, 
caused  bv  some  slight  motion  of  the  matrix. 

This  present  species  is  not  especially  close  to 
any  described  species.  It  is  associated  with 
the  fruits  described  as  Paliurus  mississippiensis 
at  the  Holly  Springs  locality,  but  in  view  of  the 
abundance  and  variety  of  forms  at  this  out- 
crop there  is  no  reason  for  assuming  that  the 
leaves  and  fruits  came  from  the  same  plant. 
A  restoration  of  the  leaves  and  the  fruits 
associated  with  them  is  shown  in  figure  14. 

Occurrence, — Holly  Springs  sand,  Holly 
Springs,  MarshaU  Coimty,  Miss.  (coUected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 
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Genus  REYNOSIA  Grisebaeh. 

Reynosia  prenuntia  Berry,  n.  sp. 

Plates  LXVIII,  figure  4,  and  LXIX,  figures  2  and  3. 

Description. — ^Ijeaves  medium  sized  or  small, 
obovate  in  general  outline,  the  tip  broadly 
rounded,  and  the  base  cuneate.  Length  ranges 
from  4,5  to  6  centimeters.  Maximum  width, 
in  the  middle  part  of  the  leaf,  ranges  from  1.5 
to  2.5  centimeters.  Margins  entire  with  a  few 
irregular  undulations.  Texture  subcoriaceous. 
The  type  and  figured  specimen  is  slightly 
inequilateral.     It  continues  its  maximum  width 


ascending  course  and  are  camptodrome  close 
to  the  margins.  Tertiaries  not  prominent  but 
distinct,  rather  straight  and  in  the  main  nearly 
at  right  angles  to  the  midrib.  Areolae  open, 
three,  four,  or  five  sided. 

This  species  is  very  similar  to  the  existing 
species  of  Reynosia  indigenous  in  the  Antillean 
region,  one  of  which  reaches  the  keys  and  coast 
of  southern  Florida.  It  is  also  somewhat  similar 
to  Bumelia  pseudotenax  Berry,  described  from 
the  near-by  Wilcox  locality  at  Early  Grove.  It 
differs  in  its  slightly  larger  size,  blunter  tip, 
more  parallel  margins,  marginal  sinuses,  longer 


FiouBE  14.— Restoration  of  Paliurut  anmutui  Berry  (leaves)  and  Palhirus  misnsitippiensis  Berry  (finiits).    (One-third  natural  size.) 


from  the  tip  to  the  region  well  below  the  mid- 
dle; there  is  a  shaUow  sinus  on  one  side  about 
1  centimeter  below  the  apex  and  a  similar  one 
on  the  other  side  about  1.5  centimeters  below 
the  apex,  the  margins  being  full.  The  petiole 
is  stout  and  ranges  frdm  5  to  10  millimeters  in 
length.  Midrib  stout  and  ctirved  distad, 
prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  relatively  thin,  irregularly  spaced, 
about  seven  to  nine  opposite  to  alternate  pairs ; 
they  diverge  from  the  midrib  at  angles  that 
average  about  45®,  the  basal  opposite  pair 
forming  marginal  hems  for  a  short  distance; 
all  are  slightly  but  regularly  curved  in  their 


petiole,  stouter  midrib,  and  more  numerous 
secondaries.  The  genus  Reynosia  comprises 
four  species  which  are  confined  to  the  Bahamas, 
Antilles,  and  southern  Florida,  and  the  fossil 
receives  its  name  from  its  probable  ancestral 
relationship.  Wood  resembling  that  of  the 
existing  Reynosia  septentrionalis  Urban  occurs 
in  the  Claiborne  group  of  Texas. 

The  present  fossil  species  is  much  like  a  part 
of  the  material  from  the  Tertiary  of  northern 
South  America  (Colombia),  which  Engelhardt* 
described  as  Sabicea  asperifolia. 

1  Engelhardt,  Hermann,  Senckenbergische  naturf.  Gesell.  Abh.,  vol. 
19,  p.  40,  pi.  5,  fig.  6, 1805. 
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_HoUv     Springs     sand,      HoUy        Description.— LeK^es  relatively  large,  ellip- 

"SSsh^  County,  Miss.  (coUected  by    tical  in  general  outline,  but  somewhat  variable 

^2r^    Lagrange  formation  (in  beds  of    in  both   size    aiid    form.     Apex  vanes  from 

-     -^tS    Pu^ear,  Henry  County,  Tenn.    blundy   pointed    to    broadly   rounded     Base 

--^  ^«^^'g  Yf  Berry)  broadly  pomted,  m  many  specunens  slightly 

'^ym'— U  S.  National  Museum.  decurrent  and  in  some  specimens  more  or  less 

^#ion.       •  inequilateral.     Length  ranges  from  10  to  13 

-^Y^'OSiA  wiLCOXiANA  Berry,  n.  sp.  centuneters.     Maximum   width,    midway  be- 

Plate  LXV,  figures  6  and  7.  tween  the  apex  and  the  base,  ranges  from  4  to 

-    rion.— Leaves    relatively    small,    ob-    6  centimeters.     Margins  entire.     Texture  co- 

v^^^  tical  and  somewhat  inequilateral  in    riaceous.     Petiole  long,  very  stout,  somewhat 

*   ^^^Ijine,  the  apex  broadly  rounded  or    curved,  enlarging  proximad,  3  to  3.5  centime- 

emarginate,  narrowed  from  above  the    ters  in  length.     Midrib  very  stout,  prominent 

to   the  rather  bluntly  pointed   base,     on  the  lower  surface  of  the  leaf.     Secondaries 

about    2.1     centimeters.    Maximum    very  stout  and  prominent;  eight  to  ten  subop- 

bove  the  middle,  about  1  centimeter,    posite  to  alternate  pairs  diverge  from  the  mid- 

'         entire,  full,  inclined  to  be  revolute.     rib  at  angles  of  about  40®  but  curve  slightly 

coriaceous.     Petiole  curved,  short  and    imtil  the  marginal  region  is  reached,  where 

bout  2  millimeters  in  length.     Midrib    they  curve   upward   camptodromely,  parallel 

*     -orotninent,  curved.     Secondaries   thin,    with  the   margins   and  very  close   to  them. 

^      jjjunersed  in  the  substance  of  the  leaf;    Smaller    leaves    have    subparallel    and    more 

^*y  even  pairs  diverge  from  the  midrib  at    closely  spaced  secondaries  than  leaves  the  size 

^IcK^'^        t    angles;  spacing  reduced  and    angle    of  the  figured  specimen.     Tertiaries  very  thin, 
^i.ff  ^^^  ^  toward  the  upper  part  of  the  leaf,    numerous,  subparallel,  comparatively  straight, 
ij^o^^^^oji^  regularly  curved  and  camptodrome    percurrent  at  approximately  right  angles  with 
:^o        ^,.ginal  region.     Tertiaries  obsolete.         the  long  axis  of  the  leaf. 

^^\^     species  is  much  smaller  and  otherwise        This  is  an  exceedingly  well  marked  species  of 

^  rs  irora  the  other  Wilcox  species,  Reynosia    a  Rhamnus-like  leaf,  relatively  large  and  stout, 

^     ^urUi<^'     Like  that  species  it  is  very  sunilar    the  petiole  remarkably  stout   and  relatively 

P^^^  existing  Reynosm  septentrionalia  Urban,    long  and  the  venation  typically  that  of  Rham- 

*^  mall  coastal  tree  of  the  Florida  Keys  and  the    ^^s.     Its  chief  diagnostic  character  is  the  great 

T\fthaXP^^  Isl*^"^*  size  of  the  secondaries  and  their  ultimate  course 

Occurrence— hfigrBJi^e  formation  (in  beds  of    ^^^^  the  extreme  margins  of  the  leaf.     Expe- 

^acox  age),  P^®^^'  ^®"^y  County,  Tenn.     ^ence  shows  that  fragments  of  leaves  an  inch 

//collected  by  E-^.  Berry).  ^^  ^^^  across  can  at  once  be  recognized  by 

CoBerfi^--U.  S.  National  Museum.  ^^^^  {e^tnve^. 

Geiiiis  RHAMNUS  Llnn^.  There  are  numerous  fossil  species  of  Rhamnus 

1.1  ««_^iKr>*^^i    Tr  ««♦;  .    .  which  range  in  age  from  the  Upper  Cretaceous  to 

^  IftTSre,  oblong-elhptical.    Venation  very  stout.  wm^xxxoaxfe  ^  ^^  ,        ^.    • 

Leaves  iw-»                                 Rhamnus  marginatum,  the  present,  and  it  IS  not  surpnsmg,  when  their 

reaves  flmalle'^*  ovate  to  lanceolate:  abimdance  in  the  American  Upper  Cretaceous 

Apex  and  base  about  equally  pomted:  is  recalled,  that  the  genus  should  form  a  promi- 

Secondanea  remote Rhamnus  eoligniticum^  is  icv^aucvA,                    ^                                 x*  •      u 

lindanes  close  set Rhamnus  clebumi,  ^^^nt  element  m  our  Eocene  floras.     It  is,  how- 
Base  much  broader  than  the  apex,  secondaries  close  ever,  much  less  abundant  in  southeastern  North 
Bet Rhamnus  coushatta.  America,  where  it  comprises  only  three  or  four 

Apex  cuspi<hite-acuminate.  .  ^    ^j^^^  -^  j^  -^  ^^^  ^^^j     ^^^^^^ 

Rhamnus  marginatus  apxculatus.     ^H^^*^^'  x   t>      i       i^r        ^   •  •  ^ru^ 

of  the  present  Rocky  Mountam  region.     Ihe 

RuAMNrs  MAROiXATUs  Lesquereux.  existing  species  number  about  three  score  and 

piat<*H  LXXI,  figure  1.  and  LXXII,  figure  1 .  consist  of  small  trees  and  shrubs,  widely  distrib- 

io^imnun  marf/iruitus.    Lesquereux,  in  Owen,  D.  D.,8ec-  utedin  all  the  temperate  and  in  many  of  the  trop- 

oui\  n'i>'>rt  of  a  peolojaral  reconnaisHance  of  the  ical  parts  of  the  world  (except  Australia  and  the 

"'''*;^^<ir1  Tmk)''''''  ''''''''^'^  ""^  Arkansas,  p.  319,  jgi^nds  of  the  Pacific,  according  to  Sargent). 

ijtJ^^X^^  A.n/philo8.  Soc.  Trans.,  vol.  13,  p.  420  Occurrence. —Ackermau  formation,  Hurieys, 

l,\  'I'l  <«^"'  '*-'^'  1^^^^-                                          '  Benton    County    (formerly    part    of    Tippah 
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County),  Miss,  (collected  by  E.  W.  Hilgard 
and  E.  W.  Berry) .  Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collections. — U.  S.  National  Museum. 

Rhamnus    maroinatus     apiculatus    Berry, 

n.  var. 

Plat6  LXIX,  %ure  1. 

Description, — Leaves  somewhat  smaller  than 
the  type,  lanceolate  to  oblong-elliptical  and 
somewhat  inequilateral  in  general  outlhie, 
widest  midway  between  the  apex  and  the  base, 
tapering  equally  distad  and  proximad,  and 
narrowly  to  widely  cuneate  at  tlie  base.  Apex 
abruptly  narrowed  and  then  extended  as  a  nar- 
row cuspidate  acumen,  which  is  5  to  10  milli- 
meters in  length  and  3  to  4  millimeters  in 
width  at  the  base.  Length  of  leaf  ranges  from 
8  to  10  centimeters.  Maximum  width  ranges 
from  1.8  to  4  centimeters.  Margins  entire. 
Texture  apparently  cx)riaceous,  but  the  leaf 
substance  is  not  thick.  Petiole  short  and  stout, 
much  enlai^ed  proximad,  ranging  from  4  to  8 
millimeters  in  length.  Midrib  very  stout  and 
prominent,  as  a  rule  slightly  curved.  Second- 
aries stout  and  very  prominent,  numerous, 
regularly  spaced,  and  subparaUel;  they  diverge 
from  the  midrib  at  angles  ran^g  from  20®  in 
the  narrowlv  lanceolate  forms  to  55°  m  the 
elliptical  forms,  curve  regularly  upward,  and 
become  parallel  with  the  margins  and  run  prac- 
tically on  them  in  their  camptodrome  endings. 
Tertiaries  of  the  typical  Rhamnus  type — very 
thin,  close  set  and  subparaUel,  percurrent  at 
approximately  right  angles  to  the  midrib. 

This  form  is  clearly  marked  in  some  of  its 
features  from  the  type,  but  in  others  the  two 
are  identical.  In  texture  and  venation  they 
show  no  appreciable  differences.  The  char- 
acters that  serve  to  distinguish  the  present  form 
are  its  greatly  shortened  petiole  and  its  greatly 
extended,  cuspidate  tip.  The  variety  is  smaller 
than  the  type  and  relatively  as  well  as  actually 
shorter.  It  is  common  in  the  Wilcox  deposits 
at  Hurleys. 

Occurren^ce. — Ackerman  formation.  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  N.  Lowe  and 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 


Rhamnus  cleburni  Lesquereux. 

Rhamnus  Cleburni.    Lesquereux,  U.  S.  Geol.  and  Geog. 

Surv.  Terr.  Ann.  Rept.  for  1872,  p.  381,  1873. 
Lesquereux,  The  Tertiary  flora,  p.  280,  pi.  53,  figs. 

1-3, 1878. 
Lesquereux,  U.  S.  Nat.  Mus.  Proc.,  vol.  11,  p.  24, 

1888. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  204,  p.  80,  1902. 

Description. — Leaves  medium  sized  or  large, 
lanceolate  in  general  outline.  Apex  and  base 
about  equally  pointed ;  base  in  some  specimens 
cuneate  instead  of  acuminate.  Length  uni- 
formly about  11  centimeters  in  a  large  num- 
ber of  specimens.  Maximum  width,  at  or 
slightly  below  the  middle,  ranges  from  3.6  to 
6  centimeters.  Margins  entire.  Texture  sub- 
coriaceous.  Petiole  relatively  long,  stout; 
length  about  3  centimeters.  Midrib  stout, 
prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  numerous,  thin  but  prominent; 
about  12  alternate  pairs  diverge  from  the  mid- 
rib at  angles  of  40®  to  45*^,  pass  upward  in  gen- 
tle, regular,  subparaUel  curves,  and  are  camp- 
todrome close  to  the  margins.  Tertiaries  thin, 
close-spaced,  percurrent,  well  shown  in  Les- 
querQux's  figured  types  and  clearly  shown  in 
the  specimen  from  Louisiana,  which  is  pre- 
served in  a  coarse  calcareous  sandstone. 

This  species  is  represented  by  a  single  char- 
acteristic specimen  from  Mississippi,  by  a  single 
nearly  complete  specimen  from  Louisiana,  and 
by  material  from  Grenada,  Miss.,  which  agree 
in  all  respects  with  the  material  from  Colorado 
and  Wyoming.  The  material  referred  by  Hol- 
lick  to  Rhamnus  debumi  is  not  that  species  but 
diflFers  in  the  characters  enumerated  under  the 
discussion  of  Rhamnus  coushaUa,  the  name  I 
have  assigned  to  Rollick's  species. 

Rhamnus  marginatus  Lesquereux  and  Rham- 
nus eoligniiicus  Berry,  two  of  the  other  species  of 
Rhamnus  known  in  the  Wilcox,  are  readily  dis- 
tinguishable from  the  present  species.  Rham- 
nus eoligniticus  is  common  in  the  flora  of  the 
Denver  formation  at  Golden,  Colo.,  and  is  rare 
in  the  Eocene  at  Black  Buttes,  Wyo.  (according 
to  Lesquereux).  It  has  been  recorded  from 
Cherry  Creek,  Greg.,  by  Knowlton  *  and  from 
Utah.     It  is  apparently  rare  in  the  Wilcox. 

Occurrence. — Wilcox  group,  Campbell's  quar- 
ry, Cross  Bayou,  Caddo  Parish,  La.  (collected 

» Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Bull.  204,  p.  80, 1902. 
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by  L.  C.  Johnson,  No.  2581).    Grenada  forma- 
tion,  Grenada,   Grenada  County,   Miss,    (col- 
lected by  E.  X.  Lowe  and  E.  W.  Berry). 
Collections. — ^U.  S.  National  Museum. 

Rhamxus  puryearensis  Berry,  n.  sp. 

Plate  LXIV,  figure  7. 

Description. — Leaves  relatively  small,  broad- 
ly lanceolate  in  general  outline.  Length  about 
6  centimeters.  Maximum  width,  at  or  above 
the  middle,  about  2.5  centimeters.  From  the 
widest  portion  the  lamina  narrows  abruptly  in 
both  directions,  the  apex  and  base  being  about 
equally  acuminate.  Margins  entire  in  the  lower 
half  of  the  leaf,  above  which  they  are  full  and 
more  or  less  undulate  ahd  have  somewhat  vari- 
able, small  dentate  to  serrate  teeth,  which  are 
as  numerous  as  the  secondaries  in  this  portion 
of  the  leaf.  Leaf  substance  thin  but  apparently 
of  considerable  consistency.  Petiole  short  and 
stout,  about  3.5  millimeters  in  length.  Midrib 
broad  but  not  prominent,  generally  straight. 
Secondaries  thin,  numerous,  regularly  spaced, 
subparallel;  about  eight  pairs  diverge  from 
the  midrib  at  angles  of  25**  to  40®,  curve  regu- 
larly upward,  and  are  camptodrome  close  to 
the  margins.  Tertiaries  very  thin  and  close, 
percurrent,  typically  rhamnaceous,  joined  by 
numerous  very  thm  nervilles,  forming  a  very 
fine  areola t ion. 

This  species  is  readily  distinguishable  from 
the  larger,  entire-margined  species  of  Rhamnus, 
which  characterize  the  Wilcox  flora.  The  only 
similar  form  is  RJiamnites  bumeliaformis  Berry, 
which  occurs  in  the  Wilcox  of  Texas.  That 
species  is  about  the  same  size  as  the  present 
species,  but  has  less  uumerous  forked  seconda- 
ries and  the  margin  is  merely  undulate  or 
feebly  crenate  and  not  dentate  or  serrate. 

Several  existing  species  are  very  similar  to 
the  present  form. 

Occurrence. — Lagrange  fonnation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Musemn. 

Rhamnus  eoligniticus  Berry,  n.  sp. 

Plates  LXIX,  figure  4,  and  LXXI,  figure  2. 

Description. — licaves  medium  in  size,  ovate- 
lanceolate  in  outline.  Length  about  10  centi- 
meters. Maximum  width,  in  the  middle  part 
of  the  loaf,  about  3.75  centimeters.  A  small 
leaf  from  the  vicinity  of  Naborton,  La.,  is  7 
centimeters  long  and  has  a  maximimi  width  of 


1.8  centimeters.  Apex  narrowed  and  bluntly 
pointed.  Base  about  equally  pointed.  Margins 
full  and  evenly  rounded,  entire  but  more  or  less 
irregularly  undulate.  Texture  subcoriaceous. 
Petiole  very  stout,  curved,  about  1.75  centi- 
meters in  length.  Midrib  stout,  rather  straight, 
prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  stout  and  prominent,  about  eight 
irregularly  spaced  pairs;  they  diverge  from  the 
midrib  at  angles  of  about  50®  and  curve  rc^- 
larly  upward,  become  ^parallel  with  the  mar- 
gins in  their  upper  courses,  and  are  campto- 
drome. Tertiaries  of  two  kinds — relatively 
stout  branches  from  the  midrib,  one  between 
each  adjacent  pair  of  secondaries,  with  which 
they  are  approximately  parallel,  becoming  thin 
distad  and  obsolete  about  halfway  to  the  mar- 
gins, and  thin,  numerous,  mostly  percurrent 
nervilles. 

This  species  approaches  Rhamnus  marginatus 
Lesquereux  in  appearance,  but  is  somewhat 
smaller  and  more  pointed,  has  thinner  petiole 
and  venation  and  fewer  secondaries,  which  arch 
at  a  greater  distance  from  the  margins,  and  is 
further  distinguished  by  the  stout  tertiary 
branches  from  the  midrib  and  by  the  direction 
of  the  percurrent  nervilles.  It  is  practically 
identical  with  the  form  from  Point  of  Rocks, 
Wyo.,  which  Lesquereux  *  identifies  as  Comus 
rhamnifolia  Weber,  but  which  is  probably  not 
that  species.  The  Wilcox  species  is  very  simi- 
lar in  size  and  outline  but  has  stouter  and 
fewer  secondaries,  whose  angle  of  divergence  is 
slightly  smaller. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry),  and  Hatchie  River 
near  Shandy,  Tenn.  (collected  by  L.  C.  John- 
son in  clay  ironstone  in  1889).  Wilcox  group, 
sec.  28,  T.  13  N.,  R.  12  W.,  and  sec.  13,  T.  12 
N.,  R.  12  W.,  De  Soto  Parish,  La.  (collected 
by  G.  C.  Matson  and  O.  B.  Hopkins). 

Collections. — U.  S.  National  Museum. 

Rhamnus  coushatta  Berry,  n.  sp. 

Plate  LXVIII,  figure  1. 

Rhamnus  clebumi  Lesquereux.  Uollick,  in  Harris,  G.  D., 
and  Veatch,  A.  C,  A  preliminary  report  on  the 
geology  of  Louisiana,  p.  286,  pi.  47,  fig.  1,  1899. 

Andromeda  eolignitica.  Veatch,  U.  S.  Geol.  Survey  Prof. 
Paper  46,  pi.  17,  fig.  2,  1906. 

Description. — Leaves  oblong-ovate  in  general 
outline,  the  tip  pointed  and  the  base  rounded 


»  Lesquereux,  Leo,  The  Tertiary  flora,  p.  244,  pi.  42,  fig.  6, 1R78, 


MALVALES. 


285 


or  very  broadly  cuneate.  Length  about  13 
centimeters.  Maximum  width,  in  the  lower 
half  of  the  leaf,  about  6  centimeters.  Margins 
entire,  slightly  imdulate.  Texture  subcoria- 
ceous.  Petiole  not  preserved.  Midrib  stout, 
prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  nimierous,  stout,  prominent,  and 
subparallel;  about  12  subopposite  to  alternate 
pairs  diverge  from  the  midrib  at  angles  between 
35°  and  40°;  they  are  somewhat  irregularly 
spaced,  pursue  a  rather  straight  course,  become 
more  curved  and  camptodrome  in  the  marginal 
region,  and  extend  rather  close  to  the  margins. 
Tertiaries  thin,  percurrent,  almost  entirely 
obsolete. 

This  species  is  based  on  the  forms  from  Lou- 
isiana which  were  referred  by  HoUick  to  Rham- 
nus  clehumi  Lesquereux,*  which  is  an  abundant 
and  variable  form  in  the  flora  of  the  Denver 
formation  of  Colorado.  The  present  form  is 
long-petioled,  more  slender,  lanceolate  as  a 
rule,  and  has  a  narrower  base,  much  thinner 
and  more  curved  secondaries,  and  very  close 
set,  percurrent  tertiaries.  The  last  feature  is 
invariably  characteristic  of  the  hundreds  of 
Specimens  collected. 

Rharanus  coxiahaMa  is  more  pointed  distad 
and  more  roimded  proximad  than  Ehamnus 
marginaius  Lesquereux  and  has  a  thinner  mid- 
rib and  obsolete  tertiaries.  It  differs  from 
Rharnnus .  eoligniticus  Berry  in  its  larger  size, 
ovate  form,  broader  base,  and  more  numerous 
and  straighter  secondaries. 

Occurrence. — Grenada  formation,  Grenada 
County,  Miss,  (collected  by  E.  N.  Lowe  and 
E.  W.  Berry).  Wilcox  group,  one-fourth  of  a 
mile  above  Coushatta,  Red  River  Parish,  La. 
(collected  by  G.  D.  Harris);  1  mile  northeast 
of  Rockdale  Church,  3i  miles  southeast  and 
2  miles  south  of  Naborton,  De  Soto  Parish, 
La.  (collected  by  G.  C.  Matson  and  O.  B. 
Hopkins). 

Collections, — U.  S.  National  Museum  (No. 
2581);  New  York  Botanical  Garden. 

Genus  RHAMNITES  Forbes. 

Rhamnites  berchemiafobmis  Berry,  n.  sp. 

Plate  LXXI,  figure  3. 

Description. — Leaves  medium  sized  or  rela- 
tively small,  inequilateral  in  outline,  widest  in 
the  middle  and  pointed  at  both  ends,  the  tip 

1  Lesquereux,  L«o,  The  Tertiary  flora,  p.  280,  pi.  53,  figs.  1-^,  1878. 


slightly  narrower  than  the  base.  Length  about 
6.5  centimeters.  Maximum  width  about  2.8 
centimeters.  Margins  feebly  undulate;  the 
imdulations  at  times  passing  into  remote  ob- 
scure crenations,  particularly  in  the  upper  half 
of  the  leaf.  Leaf  substance  thin.  Petiole  not 
preserved.  Midrib  thin,  flexuous.  Secondaries 
thin,  camptodrome;  about  six  subopposite  to 
alternate  pairs  diverge  from  the  midrib  at  an- 
gles of  45°  or  less;  they  sweep  upward  in  long, 
flat,  subparallel  curves,  becoming  more  curved 
distad  parallel  with  the  marginal  undulations 
and  close  to  them.  As  a  rule,  an  outer  branch 
in  their  upper  course  diverges  at  a  small  angle, 
connecting  with  the  secondary  next  below. 
Tertiary  venation  obsolete. 

This  species  is  based  on  scanty  material,  only 
a  single  nearly  complete  specimen  (the  one 
figured)  being  contained  in  the  collections.  It 
is,  however,  entirely  distinct  from  the  other 
members  of  Wilcox  flora  and  is  clearly  referable 
to  the  Rhamnaceffi,  suggesting  among  several 
genera  an  affinity  with  the  genus  Berchemia 
Necker,  which  is  commemorated  in  the  specific 
name.  Because  of  the  little  material  available 
for  study  it  is  referred  to  the  form  genus 
Rhamnites  without  any  effort  being  made  to 
allocate  it  among  the  more  or  less  convergent 
genera  of  the  RhamnacesB. 

Occurrence. — Beds  of  Wilcox  age,  Calaveras 
Creek,  Wilson  County,  Tex.  (collected  by  Alex- 
ander Deussen). 

Collection. — U.  S.  National  Museum. 

Order  MALVALES. 

Fazxuly  TILLACEM. 

Genus  GREWIOPSIS  Saporta. 

Grbwiopsis  tennesseensis  Berry,  n.  sp. 

Plate  LXIV,  figures  4  and  5. 

Description. — ^Leaves  small  or  medium  sized, 
broadly  eUiptical  in  outline,  the  base  trxmoate 
or  slightly  cordate  and  the  tip  narrowly  pointed, 
pahnately  five  to  seven  veined  from  the  top 
of  the  petiole.  Length  4  to  8  oentimetei's. 
Maximum  width  3.5  to  8  centimeters  in  the 
basal  part  of  the  leaf.  Margin  entire  for  a 
greater  or  less  distance  on  either  side  of  the 
petiole,  gradually  passing  into  a  region  of  more 
or  less  prominent  crenate  teeth,  which  tend 
to  become  obsolete  in  the  apex  of  the  leaf. 
Petiole  long  and  relatively  stout,  2  to  3.5  cen- 
timeters in  length.     Primaries  five  to  seven 
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from  the  top  of  the  petiole,  diverging  at  acute 
angles,  the  midrib  and  a  lateral  on  either  side 
of  the  same  caliber,  outer  laterals  thinner  and 
more  or  less  obsolete.  The  lateral  primaries 
curve  outward  and  then  upward  in  a  rather  full 
ctirve  and  are  camptodrome.  Secondaries 
curved  and  camptodrome;  two  or  three  subop- 
posite  pairs  arise  from  the  upper  part  of  the 
midrib,  and  numerous  outwardly  directed, 
camptodrome  secondaries  arise  from  the  lateral 
primaries,  and  from  these  latter  secondaries 
tertiary  branches  run  to  the  marginal  teeth. 

These  leaves,  which  are  thus  far  confined  to 
the  three  localities  enumerated  below,  where 
they  are  not  common,  suggest  a  relationship 
with  many  genera,  such  as  Cissus,  Ficus,  Grewia, 
Zizyphus,  and  Populus.  At  first  sight  their 
obvious  afi^ties  are  with  the  numerous  forms 
from  Greenland,  Europe,  and  western  North 
America  that  are  commonly  referred  to  the 
genus  Populus,  as  Populus  arctica  Heer,  Popur 
lus  zaddcLchi  Heer,  Populus  cuneata  Newberry  (a 
variable  and  oonmion  form  of  the  Fort  Union 
Eocene),  Populus  genetrix  Newberry,  Populus 
pdUomdas  Saporta,  or  Populus  glandvlifora 
Heer.  I  have  discussed  them  with  Dr.  F.  H, 
Knowlton,  who  is  inclined  to  identify  them 
with  Populus  daphnogenoides.  Though  this  is 
hardly  the  place  for  an  extended  discussion  of 
these  forms  of  Populus,  in  a  large  measxu*e 
known  only  from  the  pubUcations  of  other  stu- 
dents, it  is  singular  that  the  Arctic  and  early 
American  forms  are  palmately  and  not  pin- 
nately  veined,  like  the  modem  species,  and  pre- 
sent in  a  varying  degree  other  distinctive  fea- 
tures. The  specimens  under  discussion,  which 
have  relatively  short  and  stout  petioles  and  pal- 
mate venation,  are  believed  to  represent  the 
modern  genus  Grewia  Linnfi  of  the  TiliacesB, 
which  comprises  between  75  and  100  8i>ecies 
that  range  from  China  and  Japan  across  Malay- 
sia to  Queensland  in  Australia  and  westward  in 
southern  Asia  to  Arabia,  and  also  extend  to 
tropical  and  southern  Africa.  Although  it  is  an 
Old  World  type  in  the  modem  flora,  four  or  five 
fossil  species  of  Grewia  have  been  described 
from  the  early  Eocene  of  the  Rocky  Mountain 
region  and  from  the  Arctic  regions,  as  well  as 
from  the  Eocene,  Oligocene,  and  Miocene  of 
Europe.  Eight  or  ten  fossil  species  are  known, 
and  in  the  allied  genus  Grewiopsis  the  fossil  spe- 
cies, which  nimiber  more  than  a  score,  are  espe- 
cially characteristic  of  the  early  Eocene,  both 


in  this  country  and  abroad.  The  present  spe- 
cies is  distinct  from  all  the  previously  described 
species,  although  it  resembles  some  of  the  foims 
that  have  baen  referred  to  the  widespread 
Grewia  crenata  Heer.*  Its  similarity  to  some  of 
the  forms  described  by  Lesquereux '  from  Car- 
bon,  Wyo.,  as  Zizyphus  meeJci  may  also  be 
pointed  out.  Lesquereux  compared  those  forms 
with  Grewia  crenata,  and  though  what  appears 
to  be  the  noraial  form  of  this  variable  species  is 
not  especially  suggestive  of  the  plant  from  Ten- 
nessee, some  of  the  variants,  such  as  the  speci- 
men shown  in  Lesquereux's  figure  11,  are  de- 
cidedly similar  but  have  thinner  and  more  aero- 
drome laterals  and  lack  the  distal  secondaries. 

Grewiopsis  tennesseensis  resembles  the  Tusca- 
loosa (Cretaceous)  species  Grewiopsis  tuscaloo- 
sensis  Berry  and  may  be  genetically  related  to 
it. 

Occurrence. — ^Wilcox  group,  between  3  and  4 
miles  below  Hamilton,  on  Sabine  River,  Sabine 
County,  Tex.  (collected  by  A.  C.  Veatch).  Old. 
Port  Caddo  Landing,  Little  Cypress  Bayou, 
Harrison  County,  Tex.  (collected  by  T.  W. 
Vaughan).  Lagrange  formation  (in  beds  of 
Wilcox  age),  1  mile  south  of  Grand  Junction, 
in  Fayette  Coimty,  Tenn.  (collected  by  E.  W. 
Beiry). 

Collections. — U.  S.  National  Museum;  New 
York  Botanical  Garden. 

Family  STEBCTTLIACEA 
Genas  STERCUUA  Liiiii6. 

Stebculia  pubyearensis  Berry,  n.  sp. 

Plates  LXXII,  figures  2  and  3,  LXXIII,  figure  1,  and 

LXXIV,  figure  4. 

Description, — Leaves  medium  sized  to  large, 
for  this  genus,  palmately  3  to  5  lobed  from  a 
point  at  or  below  the  middle.  Maximum 
length  18  centimeters.  Maximum  width,  from 
tip  to  tip  of  the  upper  lateral  lobes,  16  centi- 
meters. Margins  entire.  Texture  subcoria- 
ceous.  Lobes  vary  from  narrow,  lanceolate, 
and  conically  pointed  to  broad  and  ovate,  the 
terminal  lobe  slightly  larger  than  the  principal 
lateral  lobes.  The  maximum  length  of  the 
lobes  is  10  centimeters  and  the  maximimi 
width,  at  the  base,  ranges  from  3.5  to  6  centi- 
meters. The  upper  lateral  lobes  each  form  an 
angle  of  about  40®  with  the  terminal  lobe,  from 

1  Heer,  Oswald,  Flora  tertlaria  Helvetise,  vol.  3,  p.  42,  pi.  109,  figs.  12-21; 
pi.  110,  figs.  1-11, 1859. 
3  Lesquereux,  Leo,  The  Tertiary  flora,  p.  275,  pi.  51,  figs.  10-14, 1S78. 
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which  they  are  separated  by  narrow,  ulthnately 
rounded  smuses,  which  extend  slightly  more 
than  halfway  to  the  base;  these  lobes  are  about 
8  centimeters  long  and  range  from  3.2  to  5.25 
centimeters  in  maximum  width  at  the  base. 
Lower  lateral  lobes,  when  developed,  diverge 
from  the  upper  at  angles  of  45°  to  50°,  thus 
standing  at  right  angles  to  the  main  axis  of  the 
leaf  (midrib  and  petiole) ;  they  are  about  half 
the  size  of  the  upper  lateral  lobes,  the  inter- 
vening sinuses  being  more  angular  than  the 
corresponding  upper  sinuses.  The  base  of  the 
leaf  is  cuneate  in  the  three-lobed  leaves, 
truncate  or  somewhat  cordate  in  the  less  robust 
five-lobed  forms,  and  markedly  cordate  in  the 
large  full  forms.  Petiole  extremely  stout, 
probably  elongated  but  not  preserved  for  its 
full  length.  Primaries  three  to  five,  diverging 
digitately  from  the  base  at  angles  of  40°  to  50°, 
those  running  to  the  tips  of  the  lower  lateral 
lobes  slightly  less  stout  than  those  of  the  three 
main  lobes,  which  are  approximately  equal  in 
caliber.  All  are  stout,  prominent,  and  relatively 
straight.  The  secondaries  are  thin,  numerous, 
and  subparallel,  more  or  less  immersed  in  the 
leaf  substance.  They  diverge  from  the  pri- 
maries at  an^es  of  about  55°  to  65°  at  evenly 
spaced  intervals  of  about  7  milUmeters  and 
are  regularly  curved  and  camptodrome  close 
to  the  margins. 

A  small  trilobate  leaf,  conforming  to  the 
same  general  character  as  the  larger  specimen 
on  which  the  foregoing  description  is  based, 
measures  8  centimeters  in  length  by  9  centi- 
meters in  maximum  width. 

This  species  is  not  abundantly  represented  in 
the  Wilcox  collections  except  at  Puryear, 
Tenn.  It  is  probable  that,  like  most  of  the 
lobed  species  of  Stercuha,  both  recent  and 
fossil,  the  outUne  was  somewhat  variable  and 
the  lobes  ranged  in  number  from  two  or  three 
to  five  or  six.  To  mention  only  a  few  of  the 
fossil  forms,  this  is  true  of  Sterculia  snomi 
Lesquereux  and  Sterculia  mucronata  Lesquereux 
of  the  Dakota  sandstone,  Sterculia  minima 
Berry  of  the  Magothy  formation,  Sterculia 
limbata  Velenovsky  of  the  Bohemian  Upper 
Cretaceous,  and  the  widespread  Sterculia  la- 
brusca  Unger  of  the  European  Tertiary.  The 
range  of  variation  of  the  present  species  is  well 
shown  in  the  illustrations. 

Sterculia  puryearensis  is  remarkably  similar 
and   undoubtedly  genetically  related   to   the 


common  Dakota  sandstone  form,  Sterculia 
snovni  Lesquereux.*  It  shows  considerable 
resemblance  to  Sterculia  m^joliana  Massalongo  * 
of  the  Italian  late  Miocene  and  to  Sterculia 
lahrusca  Unger,  first  described'  from  the 
Styrian  Ugnites  (Oligocene)  and  subsequently 
recorded  from  a  large  number  of  late  Eocene, 
Oligocene,  and  early  Miocene  outcrops  through- 
out Europe.  Among  the  fonns  now  grouped 
together  as  Sterculia  lahrusca  the  Wilcox 
species  is  very  close  to  one  from  Sotzka,  Styria, 
described  originally  by  Unger  as  Platanus 
airii* 

Between  40  and  50  fossil  species  of  Sterculia 
have  been  described,  ranging  in  age  from  the 
middle  Cretaceous  to  the  Pliocene.  There  are 
more  than  100  existing  forms,  segregated  in  the 
sections  Digitatae,  Lobatae,  and  IntegrifoUae. 
Sterculia  puryearensis  is  referable  to  the  group 
Lobatae,  which  comprises  numerous  existing 
tropical  species  in  Asia,  Africa,  and  especially 
in  America,  although  the  genus  Sterculia  as  a 
whole  is  most  strongly  represented  in  the 
Malay  archipelago  and  the  East  Indies. 

It  is  gratifying  to  find  the  characteristic 
leaves  of  a  species  of  Sterculia  in  the  Wilcox 
deposits,  which  ako  contain  the  remarkable 
capsules  of  species  of  Stercuhaceae  described  as 
Stercuhocarpus.  A  smaller,  very  character- 
istic Sterculia  leaf  f orn\  occurs  in  the  overlying 
deposits  of  the  Claiborne  group. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Lagrange  formation 
(in  beds  of  Wilcox  age),  Puryear,  Henry 
County,  Tenn.  (collected  by  E.  W.  Berry). 
Wilcox  group,  sec.  7,  T.  12  N.,  R.  11  W.,  3 J 
miles  and  5  miles  southeast  of  Naborton,  De 
Soto  Parish,  La.  (collected  by  G.  C.  Matson 
and  O.  B.  Hopkins). 

Collections, — U.  S.  National  Museum. 

Genus  STERCULIOCARPUS  Berry,  n.  gen. 

This  genus  is  established  for  fruits  referable 
to  the  family  Stercuhaceae,  but  without  exact 
Hving  representatives.  Its  characters  are  those 
of  the  species  here  desribed. 

» Lesquereux,  Leo,  U.  S.  Oeol.  Survey  Mon.  17,  p.  183,  pi.  30,  fig.  6, 
pi.  31,  figs.  2,  3;  pi.  32;  pi.  33,  figs.  1-4, 1892. 

*MassaloDgo,  Abramo,  Studll  sulla  flora  fossfle  e  geologia  stratlgraflca 
del  Senigalllese,  p.  319,  pi.  20,  fig.  3, 1859. 

*  Unger,  Franz,  Die  fossile  Flora  von  Sotzka,  p.  45,  pi.  28,  figs.  I-U, 
1850. 

« Idem,  p.  3A,  pi.  15,  fig.  1. 
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Sterculiocarpus  eocenicus  Berry,  n.  sp. 

Plate  LXXIV,  figures  1-3. 

Description, — ^Large  capsular  fruit,  appar- 
ently dehiscent  from  the  apex,  consisting  of  a 
stout  central  peduncle  surrounded  by  five 
elliptical,  broadly  keeled  capsules  which  are 
united  for  nearly  their  whole  length.  Total 
length  of  fruit  6  centhneters.  Diameter  6 
centhneters.  Diameter  of  peduncle  1.25  centi- 
meters. Sxu^face  smooth.  Texture  apparently 
coriaceous  or  Ugneous. 

This  magnificent  fruit  is  perfectly  synunetric 
and  must  have  been  of  considerable  consist- 
ency. A  considerable  portion  of  the  matrix 
is  cemented  to  the  apex,  as  shown  in  the  side 
view  of  the  specimen,  which  has  prevented  the 
determination  whether  or  not  dehiscence  had 
conmienced,  or  whether  the  individual  capsules 
were  pointed  distad  or  broadly  roimded  as  they 
are  proximad.  In  dorsal  view  each  capsule 
forms  an  elongated  ellipse,  broadly  and  evenly 
rounded  below  and  apparently  equally  rounded 
above,  with  a  broad  and  not  especially  promi- 
nent dorsal  keel.  Photographs  of  the  speci- 
men have  been  submitted  to  a  nimiber  of 
specialists  familiar  with  the  existing  flora  of 
the  Tropics  without  arriving  at  any  definite 
decision  regarding  their  generic  affinity,  al- 
though there  was  a  rather  general  agreement 
that  the  fruit  was  probably  referable  to  the 
Sterculiaceae.  I  have  compared  it  with  all 
the  material  representing  this  and  aUied 
famiUes  at  the  New  York  Botanical  Garden 
without  being  able  to  match  it  with  Hving 
forms,  although  a  number  of  modern  genera 
show  similarities,  for  example,  Reevesia  Lind- 
ley,  a  small  Asiatic  genus  (cf .  Reevsia  thyrsoidea 
Lindley,  which  has  a  whorl  of  1-seeded  tardily 
dehiscent  capsules),  Abroma  Linn6  fils,  a 
small  East  Indian  and  Australian  genus,  and 
Helicteres  Linn^,  a  cosmopoUtan  tropical 
genus,  which  comprises  about  two  score 
existing  species.  There  is  also  a  resemblance 
to  some  of  the  Dilleniacese,  Euphorbiaceae, 
Zygophyllace®,  and  the  like. 

The  only  known  fossil  form  at  all  similar 
enough  to  Sterculiocarpus  eocenicus  to  be  con- 
sidered as  related  is  SezaneUa  major  Viguier,* 
described  from  the  wonderful  casts  of  fossils 
from  the  travertine  of  S6zanne  made  by  the 

1  Viguler,  Reii4,  Revue  g6a<6nle  de  botanique,  vol.  20,  pp.  &-13,  text 
figure  1,  pi.  5,  figs.  1-7, 10, 1908. 


late  Munier-Chalmas  and  in  the  collections  of 
the  Sorbonne.  Sezanella,  which  is  as  well 
known  as  if  it  was  a  recent  species,  is  based  on 
complete  flowers  and  fruits,  showing  the  ar- 
rangement of  the  seeds  in  the  capsules.  It  is 
only  about  two-thirds  the  size  of  Sterculiocar- 
pus, the  individual  capsules  are  shorter,  less 
full,  and  lack  the  keel  of  Sterculiocarpus.  The 
form  is  referred  by  Viguier  to  the  tribe  Lasio- 
petalse  of  the  family  Sterculiaceae.  The  traver- 
tine of  Suzanne  is  a  fluvial  deposit  usually 
correlated  with  the  Thanetian  or  lower  Eocene 
marine  sands  of  the  Paris  Basin. 

Occurrence. — Wilcox  group,  Frierson  Mill, 
lind  3^  miles  southeast  of  Naborton,  De  Soto 
Parish,  La.  (collected  by  G.  C.  Matson). 

Collection. — U.  S.  National  Museum. 

Sterculiocarpus  SEZANNELLoroES  Berry,  n.sp. 

Plate  LXXII,  figures  4-6. 

Description. — Fruit  consisting  of  a  whorl  of 
five  coalescent  capsules,  forming  a  spherical 
5-valved  capsule,  the  units  slightly  free  distad. 
Length  about  2.5  centimeters.  Lateral  diam- 
eter slightly  less  than  the  length.  Texture 
coriaceous,  Valves  equilateral,  elliptical,  widest 
in  the  middle  and  tapering  about  equally  proxi- 
mad and  distad,  with  distinct  keels.  Dehis- 
cence septicidal  from  the  apex,  the  valves  ap- 
parently becoming  widely  separate  and  possibly 
reflexed.  Placentae  axile.  Seeds  numerous, 
elliptical  in  outline. 

This  species  is  based  on  the  single,  somewhat 
compressed  specimen  figured  from  a  photo- 
graph. Although  somewhat  distorted,  the  five 
septicidal  valves  can  be  readily  made  out,  as 
well  as  the  impressions  of  some  of  the  seeds  on 
the  capsular  walls.  A  drawing  has  been  made 
of  the  capsule  before  and  after  dehiscence,  not 
only  to  fxu*ther  characterize  the  species  but  to 
elucidate  the  photographic  illustration  of  the 
type.  There  seems  to  be  Uttle  doubt  that  the 
present  spechnen  represents  a  more  or  less 
buoyant  capsule  of  some  Wilcox  species  of 
Sterculiacese.  It  is  not  exactly  like  the  fruit 
of  any  modem  member  of  the  family  known  to 
me,  but  it  resembles  several  of  the  existing 
genera  in  certain  particulars.  It  is  much  small- 
er than  Sterculiocarpus  eocenicus  Berry,  the 
valves  are  less  strongly  keeled,  and  the  dehis- 
cence is  much  more  pronounced,  although  this 
may  be  partly  due  to  compression  during  fos- 
silization.    Among  previously  described  fossil 
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forms,  the  present  species  is  so  similar  to  the 
capsules  in  the  genus  Sezandla,  abeady  men- 
tioned in  the  discussion  of  StercvMocarpus  eo- 
cenicuSj  that  I  have  commemorated  this  re- 
semblance in  the  specific  name.  The  present 
species  is  apparently  a  rare  form  in  the  Wilcox 
deposits,  which  may  possibly  indicate  that  it  was 
the  fruit  of  an  inland  species  of  StercuUacefle. 
The  abundance  of  different  sized  leaves  of 
Stercvlia  puryearensis  Berry  in  the  same  beds 
rather  indicates  that  the  foliage  and  fruit  are 
not  those  of  the  same  botanic  species,  for  they 
would  hardly  have  come  to  rest  in  the  same 
beds,  or  if  the  nature  of  the  fruits  was  such  that 
they  would  sink  as  quickly  as  the  foUage  there 
should  be  an  abundance  of  fruits  instead  of  a 
single  specimen. 

Occurrence. — La^ange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Family  BOMBACACEA. 
Genns  BOMBACITES  Berry,  n.  gen. 

BoMBACiTEs  FORMOsus  Berry,  n.  sp. 

Plate  LXXV,  figure  1. 

Description. — ^Leaves  palmately  compoimd. 
Leaflets  relatively  large,  broadly  lanceolate  in 
outline,   somewhat  inequilateral  and  falcate, 
sessile  or  slightly  petiolulate.     Apex  and  base 
about  equally  acute,  the  base  if  anything  a 
trifle  more  extended  and  sUghtly  decurrent  to 
the  broad  base  of  the  petiolule  just  above  its 
attachment  to  the  leaf  stalk.     Length  about 
8  centimeters.     Maximum  width,  at  a  point 
midway  between  the  apex  and  the  base,  about 
2.5    centimeters.     Texture    thick    and    coria- 
ceous.    Margins  entbe  in  the  lower  half;  the 
upper  half  contains  small  dentate  or  serrate 
teeth,  somewhat  irregularly  spaced  and  sepa- 
rated by  shallow,  equilaterally  rounded  sinuses. 
Midrib  stout,  more  or  less  ciu*ved.     Seconda- 
ries thin,  subparallel,  not  prominent,  nine  or 
ten  opposite   to  subopposite  pairs,  branching 
from  the  midrib  at  angles  that  average  about 
65**,  curving  upward  near  the  margin  in  broad 
camptodrome  arches.     Tertiary  venation  im- 
mersed in  the  leaf  substance. 

In  the  existing  flora  the  subfamily  Adan- 
sonieas  of  the  family  Bombacacese  is  made  up  of 
the  following  genera:  Adansonia  Linn6,  which 
includes  the  baobab  of  Africa  and  two  or  three 
additional   species  of  Madagascar  and  North 
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Australia;  Bombax  Linn6,  which  comprises  50 
species,  mostly  of  tropical  America,  though  one 
lives  in  Africa,  six  in  Asia,  and  one  in  North 
AustraUa;  Chorisia  Humboldt,  Bonpland,  and 
Kunth,  which  contains  three  tropical  species 
of  South  America;  and  Ceiba  G&rtner,  which 
embraces  about  10  species  of  Central  and  South 
America,  including  the  widely  cultivated  silk 
cotton  tree  of  tropical  countries. 

All  the  forms  have  digitately  compoimd 
leaves,  the  leaflets  of  which  are  rather  large  and 
entire  or  toothed.  The  present  species  is 
clearly  referable  to  this  subfamily  and  is  very 
close  to  several  existing  species  of  tropical 
America  of  the  genera  Bombax  and  Chorisia. 
Because  of  the  uncertainty  as  to  which  of  these 
modem  genera  it  is  most  like,  and  the  prob- 
abiUty  that  the  generic  limits  were  different 
in  the  early  Eocene,  the  generic  term  Bom- 
bacites  is  proposed  for  the  reception  of  this  and 
other  fossil  species  which  are  clearly  referable  to 
this  subfamily  but  which  can  not  be  positively 
referred  to  one  of  the  existing  genera. 

FoUage  of  the  type  of  Bombacites  occurs  in 
abundance  in  the  upper  Eocene  of  Europe,  and 
a  few  species  continue  in  that  area  throughout 
the  Tertiary  period.  Species  referred  to  Bom- 
bax have  been  recorded  from  the  Cretaceous  of 
America  by  Fontaine  ^  and  from  that  of  Europe 
by  Velenovsky.^  Fontaine's  form  has  abso- 
lutely no  claim  to  the  name  Bombax  and 
Valenovsky's  form  is  extremely  doubtful. 

A  number  of  the  European  species  are  very 
similar  to  the  present  form,  including  Bomhax 
neptuni  Ettingshausen,'  recorded  from  the 
Sannoisian  Mayencian,  and  Sarmatian,  which 
is  probably  closest  to  the  American  Eocene 
species  and  has  the  same  general  form,  margin, 
and  venation  but  is  slightly  wider;  next  in 
degree  of  aflSnity  is  Bombax  chorisisefolium 
Ettingshausen,*  which  comes  from  the  base 
of  the  Miocene  in  Bohemia  and  which  differs  in 
its  more  prominent  and  close-set  teeth  and 
more  extended  petiolule;  Bonibax  cJiorisioides 
Friedrich,**  recorded  from  the  Sannoisian  of 
Saxony,  has  more   promment   serrate    teeth; 

1  Fontaine,  W.  M.,  U,  8.  OeoL  Survey  Mon.  15,  p.  310,  pi.  151,  fig.  1, 
18S9  (Bombax  virffiniensis). 

*  Velenovsky,  Josef,  Die  Flora  der  bdhmischen  Kreideformation,  Theil 
1,  p.  20,  pi.  2,  fl^.  17-19;  pi.  4,  tigs.  &-9, 1883  (Bombax  argiUaceum). 

s  Ettingshausen,  C.  von,  Beitriige  zur  KenntxiLss  der  fossilen  Flora 
von  Radoboj,  p.  886,  pi.  3,  fig.  17, 1870. 

« Ettingshausen,  C.  von,  Diefossile  Florades  Tertiar-Beckens  von  BiUn, 
Then  3,  p.  11,  pi.  42,  figs.  2,  4, 5, 1869. 

»  Frledrich,  Paul,  Beitrage  zur  Kenntniss  der  Terti^-flora  der  Provinz 
Sachsen,  p.  144,  pi.  19,  fig.  5, 1883. 
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Bonibax  sepvltiflorum  Saporta/  based  in  the 
first  instance  on  the  remarkably  preserved 
remains  of  flowers  at  Aix  in  France  (Sannoisian) 
but  afterward  correlated  with  the  f ohage  which 
had  been  originally  described  by  the  same 
author  as  Knightites.^  The  leaves  of  Bombax 
sepultijlorum  are  more  prominently  and  ser- 
rately  toothed  and  are  very  close  to  those  of 


Cenomanian  of  Bohemia,  referred  by  Vele- 
no vsky  to  Aralia  coriacea  *  and  subsequently 
transferred  to  the  genus  Dewalquea.*  The 
broader  forms  of  this  type  (for  example,  PI.  I, 
figs.  1,  2,  4,  of  Velenovsky,  1884)  are  very  much 
Uke  Bombacites,  but  the  narrower  forms  sug- 
gest a  relationship  with  Oreopanax  oxfordensis, 
Aralia  coriacea  has  been  identified  by  Hollick ' 


FiouBE  15.— Restoration  of  Bombacites  formosus  Berry.    (One-half  natural  size.) 


Oeiba  pentandra  (Linn6)  Gartner  of  the  American 
Tropics.  The  flowers,  beautifully  preserved  in 
the  gypsif  erous  shales^were  compared  with  those 
of  the  existing  species  Bombax  lieptaphyUum, 

Among  antecedent  forms  that  may  be  men- 
tioned are  certain  of  the  specimens  from  the 

1  Saporta,  O.  de,  ]fetudes  sur  la  v^^tation  du  sud-est  de  la  France  k 
r^poque  tertiaire,  vol.  1,  p.  119,  pi.  12,  fig.  3, 1863. 

'Idem,  vol.  1,  p.  101,  pi.  9,  fig.  1,  1863;  vol.  3,  suppl.  1,  p.  86,  pi.  14, 
1867  {Knightites  talyftrum  and  KnightUet  ifaudini). 


from  the  Upper  Cretaceous  of  the  Atlantic 
Coastal  Plain,  but  his  material  is  not  especially 
convincing. 

The  accompanying  drawing  (fig.   15)    is  ^^ 
attempted  restoration  of  a  branch  of    Bom- 

•  Velenovsky,   Josef,  Die  Flora  der    bdhmischen  Ki^iAiBtonaBtion, 
Then  3,  p.  11,  pi.  1,  figs.  1-9;  pi.  2,  fig.  2,  1884. 

*  Velenovsky,  Josef,  Kv^tena  desk^o  cenomanu,  p.  23,  pi-  *>  ^' 
1-6, 1889. 

»  Hollick,  Arthur,  U.  S.  Oeol.  Survey  Mon.  60,  p.  99,  pi.  38,  fl«»-  ^'  ^' 
1907. 
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Iddte^  formosvs.  Except  for  its  relatively 
smaller  size,  slightly  different  margin,  and  less 
numerous  secondaries  it  would  answer  equally 
well  for  Bomhacites  wUcoxiamLS,  The  details 
and  floral  characters  are  of  course  conjectural 
but  are  sufficiently  generalized  to  escape  criti- 
cism. The  fohar  characters  are  believed  to  be 
correct  and  are  based  on  numerous  specimens 
of  the  fossil  as  well  as  on  a  consideration  of  the 
uniformly  digitate,  long-petioled  leaves  of  the 
modern  members  of  the  subfamily  AdansoniesB. 
Suggestions  have  been  obtained  from  a  study 
of  the  leaves  of  numerous  Brazilian  species  of 
Bombax  and  Chorisia. 

Occurrence, — Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

BoMBAcrrEs  wilcoxianus  Berry,  n.  sp. 

Plate  LXXV,  figure  2. 

Description. — Leaflets   as   a  rule   relatively 
large,  ovate-lanceolate  in  outline  and  sUghtly 
inequilateral,  petiolulate.     Length  ranges  from 
8.5  to  1 1  centimeters.     Maximum  width,  which 
is  in  the  middle  pai  t  of  the  leaf,  ranges  from  2.25 
to    3    centimeters.     Apex  narrowed    and   ex- 
tended,   acuminate.     Base   narrowly   cuneate 
and  slightly  decurrent.    Petiolule  stout,  curved, 
tumid  proximad,  about  1  centimeter  m  length. 
Margins  distinctly  undulate,  the  chords  of  the 
undulations    becoming    progressively    shorter 
distad  until  toward  the  tip  the  margin  is  weakly 
dentate.     Texture    coriaceous.     Midrib    very 
stout  below,  becoming  thin  in  the  apex,  curved. 
Secondaries  thin,  subparallcl,  about  12  opposite 
to  alternate  pairs;  they  diverge  from  the  midrib 
at  wide   angles  that  become  somewhat  more 
acute  distad,  curve  upward  in  very  flat  arches, 
and  ultimately  curve  in  a  camptodrome  man- 
ner  parallel  with  the    marginal  undulations 
and  close  to  them,  where  they  join  the  adjoin- 
ing   superior   secondaries.     Tertiary  venation 
obsolete. 

This  species  is  clearly  distinct  from  previ- 
ously described  forms  and  is  obviously  refer- 
able to  the  subfamily  AdansoniesB  of  the  Bom- 
bacaceae.  It  resembles  Bomhacites  formosus 
considerably  but  differs  in  its  larger  size,  undu- 
late margins,  extended  acumen^  more  numer- 
ous secondaries,  which  approach  closer  to  the 
margins,  and  in  the  development  of  a  stout 
petiolule. 


Comparable  recent  and  fossil  forms  aie  dis- 
cussed at  length  under  the  Bomhacites  formosus 
and  need  not  be  repeated  since  their  discussion 
applies  almost  equally  well  to  both  species. 

Occurrence. — Lagrange  fonnation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  .County,  Tenn. 
(collected  by  E.  W.  Berry) .  Wilcox  group,  2 
miles  south  of  Naborton,  De  Soto  Parish,  La. 
(collected  by  O.  B.  Hopkins). 

Collection. — U.  S.  National  Museum. 

Order  PABIETALES. 

Family  DILUBNIACEA. 

Genns  DILLENTTES  Berry,  n.  gen. 

The  genus  Dillenites  is  proposed  for  the  re- 
ception of  fossil  plants  that  show  characters  of 
the  DiUeniacesB  but  not  suflScient  to  ally  them 
with  certainty  to  a  particular  existing  genus. 

The  genus  may  be  considered  as  having  the 
generic  characters  included  in  the  descriptions 
of  the  following  species: 

Leaves  more  than  10  centimeters  long,  apex  and  baae 
equally  pointed,  margin  entire  below,  carries  wide- 
spaced  serrate  teeth  above Dillenites  microdentatua. 

Leaves  less  than  10  centimeters  long: 

Ovate,  baae  broadly  rounded Dillenites  ovatus. 

Base  narrowed: 

Leaves  relatively  broad,  teeth  close-set,  acumi- 
nate-serrate  Dillenites  serratus. 

Relatively  narrow,  teeth  close-set,  incumbentr 

serrate Dillenites  tetracera/olia. 

Teeth  remote,  straight-serrate.  .Dillenites  texensis. 

Dillenites  microdentatus  (HoUick)  Berry. 

Plates  LXXV,  figure  3;  LXXVII,  figure  1;  CXIV,  figure  5. 

Quereus  microdentata.  HoUick,  in  Harris,  G.  D.,  and 
Veatch,  A.  C,  A  preliminary  report  on  the  geology 
of  Louisiana,  p.  280,  pi.  34,  1899. 

Description. — Leaves  medium  sized  to  large, 
elliptical  in  general  outline,  apex  and  base 
acuminate  and  equally  pointed.  Length  ranges 
from  11.75  to  22  centimeters.  Maximum 
width,  midway  between  the  apex  and  the  base, 
ranges  from  6.5  to  9  centimeters,  the  lateral 
margins  forming  regularly  curved  arcs  from 
base  to  tip.  Margins  entire  and  undulate 
proximad  for  about  one-third  to  one-half  their 
length,  crenate-serrate  for  the  upper  one-third 
to  two-thirds  of  their  length,  the  teeth  remote 
and  more  or  less  evenly  spaced,  not  enlarged, 
becoming  closer  distad.  Texture  coriaceous. 
Petiole  missing.  Midrib  stout  and  prominent. 
Secondaries  relatively  thin,  numerous,  about 
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Occurrence. — HoDy     Springs     sand,     Holly  Description. — Leaves  relatively  large,  ellip- 

Springs,  Marshall  County,  Miss,  (collected  by  tical  in  general  outline^  but  somewhat  variable 

E.  W.  Berry).    Lagrange  formation  (in  beds  of  in  both  size  and  form.    Apex  varies  from 

Wilcox  age),  Puryear,  Henry  County,  Tenn.  bluntly  pointed   to   broadly  rounded.    Base 

(coUectedbyE.  W.  Berry).  broadly  pointed,  in  many  specimens  slightly 

Collection. — ^U.  S.  National  Museum.  decurrent  and  in  some  specimens  more  or  less 

Reynosia  wilcoxiana  Berry,  n.  sp.  inequilateral.     Length  ranges  from  10  to  13 

centuneters.    Maximimi   width,   midway   be- 

a  e        ,  tiguree    an  tween  the  apex  and  the  base,  ranges  from  4  to 

Description.— LesLves  relatively  small,  ob-  6  centimeters.  Margins  entire.  Texture  co- 
long-elliptical  and  somewhat  inequilateral  in  riaceous.  Petiole  long,  very  stout,  somewhat 
general  outline,  the  apex  broadly  rounded  or  curved,  enlarging  proximad,  3  to  3.5  centime- 
slightly  emarginate,  narrowed  from  above  the  ters  in  length.  Midrib  very  stout,  prominent 
middle  to  the  rather  blimtly  pointed  base,  on  the  lower  siirface  of  the  leaf.  Secondaries 
Length  about  2.1  centimeters.  Maximum  very  stout  and  prominent;  eight  to  ten  subop- 
width,  above  the  middle,  about  1  centimeter,  posite  to  alternate  pairs  diverge  from  the  mid- 
Margins  entire,  full,  inclined  to  be  revolute.  rfb  at  angles  of  about  40°  but  curve  slightly 
Texture  coriaceous.  Petiole  curved,  short  and  \mtil  the  marginal  region  is  reached,  where 
stout,  about  2  millimeters  in  length.  Midrib  they  curve  upward  camptodromely,  parallel 
stout,  prominent,  curved.  Secondaries  thin,  with  the  margins  and  very  close  to  them, 
largely  immersed  in  the  substance  of  the  leaf;  Smaller  leaves  have  subparallel  and  more 
about  seven  pairs  diverge  from  the  midrib  at  closely  spaced  secondaries  than  leaves  the  size 
diflferent  angles;  spacing  reduced  and  angle  of  the  figured  specimen.  Tertiaries  very  thin, 
increased  toward  the  upper  part  of  the  leaf,  numerous,  subparallel,  comparatively  straight, 
Secondaries  regularly  curved  and  camptodrome  percurrent  at  approximately  right  angles  with 
in  the  marginal  region.     Tertiaries  obsolete.  the  long  axis  of  the  leaf. 

This  species  is  much  smaller  and  otherwise  This  is  an  exceedingly  well  marked  species  of 

differs  from  the  other  Wilcox  species,  Reynosi/i  a  Rhamnus-like  leaf,  relatively  large  and  stout, 

praenuntia.    Like  that  species  it  is  very  similar  the  petiole  remarkably  stout  and  relatively 

to  the  existing  Reynosi/i  septentriomilis  Urban,  i^^g  and  the  venation  typically  that  of  Rham- 

a  small  coastal  tree  of  the  Florida  Keys  and  the  ^us.     Its  chief  diagnostic  character  is  the  great 

Bahama  Islands.  gj^^  ^f  ^j^^  secondaries  and  their  ultimate  course 

Occurrence.— hBgrange  formation  (in  beds  of  gj^ng  the  extreme  margms  of  the  leaf.     Expe- 

Wilcox  age),  Puryear,  Henry  County,  Tenn.  ^ence  shows  that  fragments  of  leaves  an  inch 

(coUectedbyE  W.  Berry).  ^^  ^^^  ^^^^  ^^^  ^^  ^^^^  be  recognized  by 

CoUectwn.—V.  S.  National  Museum.  ^^lese  features. 

Genus  RHAMNUS  Linn^.  There  are  numerous  fossil  species  of  Rhamnus 

Leavee  large,  oblong^lBptical.    Venation  verj'  Btout.  '^^"^  ^'^^  ^  »?«  ^"''"  the  Upper  Cretaceoua  to 

Rhamnui  marffmattu.  t^e  present,  and  it  IS  not  surprising,  when  their 

Leaves  smaller,  ovate  to  lanceolate:  abundance  in  the  American  Upper  Cretaceous 

Apex  and  base  about  equally  pomted:  is  recaUed,  that  the  genus  should  form  a  promi- 

Secondanes  remote Rhamnus  eoligmtxcua.  ,               .            x^             ^               t    •     i_ 

Secondaries  close  set Rhamnus  cUbumu  ^^^^  element  m  our  llrOCene  floras.     It  IS,  how- 
Base  much  broader  than  the  apex,  secondaries  close  ever,  much  less  abundant  in  southeastern  North 

^^ ^^fnnus  coushatta.  America,  where  it  comprises  only  three  or  f our 

Apex  cuspidate-acuminate.  species  at  most,  than  it  is  in  the  early  Eocene 

Rhamnus  mar ffinatus  apiculatus.  *.     ,                        V»      ,       -»*■             .             .            »m 

of  the  present  Rocky  Mountam  region.     The 

Rhamnus  maugixatus  Lesquereux.  existing  species  number  about  three  score  and 

Plates  LXXI,  figure  1,  and  LXXII,  figure  1.  consist  of  small  trees  and  shrubs,  widely  distrib- 

Rhamnus  marginatus.     Lesquereux,  in  Owen,  D.  D. ,  Sec-  Uted  in  all  the  temperate  and  in  many  of  the  trop- 

ond  report  of  a  geological  reconnaissance  of  the  ical  parts  of  the  world  (except  Australia  and  the 

middle  and  southern  counties  of  Arkansas,  p.  319,  j^j^jg  ^f  ^^le  Pacific,  according  to  Sargent). 

Lesquereux,  Am.  Philos.  Soc.  Trans.,  vol.  13,  p.  420,  Occurrence— Ackerman  formation,  Hurleys, 

pi.  22,  figs.  3-5, 1869.  Benton    County    (formerly    part    of    Tippah 
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County),  Miss,  (collected  by  E.  W.  Hilgard 
and  E.  W.  Berry) .  Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collections, — U.  S.  National  Museum. 

Rhamnus    marginatus     apiculatus    Berry, 

n.  var. 

Plate  LXIX,  figure  1. 

Description. — Leaves  somewhat  smaller  than 
the  type,  lanceolate  to  oblong-elliptical  and 
somewhat  inequilateral  in  general  outline, 
widest  midway  between  the  apex  and  the  base, 
tapering  equally  distad  and  proxunad,  and 
narrowly  to  widely  cuneate  at  the  base.  Apex 
abruptly  narrowed  and  then  extended  as  a  nar- 
row cuspidate  acumen,  which  is  5  to  10  milli- 
meters in  length  and  3  to  4  millimeters  in 
width  at  the  base.  Length  of  leaf  ranges  from 
8  to  10  centimeters.  Maximum  width  ranges 
from  1.8  to  4  centimeters.  Margins  entire. 
Texture  apparently  coriaceous,  but  the  leaf 
substance  is  not  thick.  Petiole  short  and  stout, 
much  enlarged  proximad,  ranguig  from  4  to  8 
millimeters  in  length.  Midrib  very  stout  and 
prominent,  as  a  rule  slightly  curved.  Second- 
aries stout  and  very  prominent,  numerous, 
regularly  spaced,  and  subparaDel;  they  diverge 
from  the  midrib  at  angles  ranging  from  20®  in 
the  narrowly  lanceolate  forms  to  55®  in  the 
elliptical  forms,  curve  regularly  upward,  and 
become  parallel  with  the  margins  and  run  prac- 
tically on  them  in  their  camptodrome  endings. 
Tertiaries  of  the  typical  Rhanmus  type — very 
thin,  close  set  and  subparallel,  percurrent  at 
approximately  right  angles  to  the  midrib. 

This  form  is  clearly  marked  in  some  of  its 
features  from  the  type,  but  in  others  the  two 
are  identical.  In  texture  and  venation  they 
show  no  appreciable  differences.  The  char- 
acters that  serve  to  distinguish  the  present  form 
are  its  greatly  shortened  petiole  and  its  greatly 
extended,  cuspidate  tip.  The  variety  is  smaller 
than  the  type  and  relatively  as  well  as  actually 
shorter.  It  is  common  in  the  Wilcox  deposits 
at  Hurleys. 

Occurrence. — Ackerman  formation.  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  N.  Lowe  and 
E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 


Rhamnus  clebukni  Lesquereux. 

Rhamnus  Clebumi.    Lesquereux,  U.  S.  Geol.  and  Geog. 

Surv.  Terr.  Ann.  Kept,  for  1872,  p.  381,  1873. 
Lesquereux,  The  Tertiary  flora,  p.  280,  pL  53,  figs. 

1-3, 1878. 
Lesquereux,  U.  S.  Nat.  Mus.  Proc,,  voL  11,  p.  24, 

1888. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  204,  p.  80,  1902. 

Description. — ^Leaves  medium  sized  or  large, 
lanceolate  in  general  outline.  Apex  and  base 
about  equally  pointed ;  base  in  some  specimens 
cuneate  instead  of  acuminate.  Length  uni- 
formly about  11  centimeters  in  a  large  num- 
ber of  specimens.  Maximum  width,  at  or 
slightly  below  the  middle,  ranges  from  3.6  to 
6  centimeters.  Margins  entire.  Texture  sub- 
coriaceous.  Petiole  relatively  long,  stout; 
length  about  3  centimeters.  Midrib  stout, 
prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  numerous,  thin  but  prominent; 
about  12  alternate  pairs  diverge  from  the  mid- 
rib at  angles  of  40°  to  45°,  pass  upward  in  gen- 
tle, regular,  subparallel  curves,  and  are  camp- 
todrome close  to  the  margins.  Tertiaries  thin, 
close-spaced,  percurrent,  well  shown  in  Les- 
querQux's  figured  types  and  clearly  shown  in 
the  specimen  from  Louisiana,  which  is  pre- 
served in  a  coarse  calcareous  sandstone. 

This  species  is  represented  by  a  single  char- 
acteristic specimen  from  Mississippi,  by  a  single 
nearly  complete  specimen  from  Louisiana,  and 
by  material  from  Grenada,  Miss.,  which  agree 
in  all  respects  with  the  material  from  Colorado 
and  Wyoming.  The  material  referred  by  Rol- 
lick to  Rhamnus  dehumi  is  not  that  species  but 
differs  in  the  characters  enumerated  imder  the 
discussion  of  Rhamnus  coushatta,  the  name  I 
have  assigned  to  Rollick's  species. 

Rhamnus  marginatus  Lesquereux  and  Rhum- 
nus  eoligniticus  Berry,  two  of  the  other  species  of 
Rhamnus  known  in  the  Wilcox,  are  readily  dis- 
tinguishable from  the  present  species.  Rham- 
nus  eoligniticus  is  common  in  the  flora  of  the 
Denver  formation  at  Golden,  Colo.,  and  is  rare 
in  the  Eocene  at  Black  Buttes,  Wyo.  (according 
to  Lesquereux).  It  has  been  recorded  from 
Cherry  Creek,  Oreg.,  by  Knowlton  ^  and  from 
Utah.     It  is  apparently  rare  in  the  Wilcox. 

Occurrence, — Wilcox  group,  Campbell's  quar- 
ry, Cross  Bayou,  Caddo  Parish,  La.  (collected 

1  Knowlton,  F.  H.,  U.  8.  Geol.  Survey  Bull.  204,  p.  80, 1902. 
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have  a  diflFerent  mai^in  from  that  species. 
Among  modem  forms  they  are  very  similar  to 
several  species  of  the  genus  Tetracera  Linnfi, 
which  fact  has  suggested  the  specific  name. 
Several  species  of  Tetracera,  for  example  T. 
arborescens  Jack  of  Sumatra  and  T.  senegalensis 
De  Candolle  of  West  Africa,  are  strand  plants. 

Occurrence, — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Lagrange  formation 
(in  beds  of  Wilcox  age),  Puryear,  Henry 
County,  Tenn.  (collected  by  E.  W.  Berry). 

CoUections. — ^U.  S.  National  Museum. 

Dn-LENiTBS  TEXENsis  Berry,  n.  sp. 
Plate  LXVIII,  figure  5. 

Description. — ^Leaves  medium  sized,  broadly 
oblong-lanceolate  and  sUghtly  inequilateral  in 
general  outline.  Length  about  9.5  centi- 
meters. Maximum  width,  in  the  middle 
part,  about  3.3  centimeters.  Apex  sharply 
pointed.  Base  pointed,  incurved,  and  decur- 
rent.  Margins  feebly  straight-serrate;  teeth 
distinct,  one  to  each  secondary,  or  less  in  num- 
ber than  the  secondaries.  Texture  subcoria- 
ceous.  Petiole  not  preserved.  Midrib  rather 
stout,  prominent  on  the  lower  surface  of  the 
leaf.  Secondaries  relatively  stout  and  prom- 
inent; at  least  15  pairs  diverge  from  the  midrib 
at  close  but  somewhat  irregular  intervals  at 
angles  of  about  50°;  their  course  is  relatively 
straight  except  in  the  marginal  region,  where 
they  curve  upward  somewhat  and  are  cras- 
pedodrome.  Tertiaries  thin  and  largely  im- 
mersed in  the  leaf  substance;  a  few  percurrent 
and  lateral  veins  are  visible,  apparently  form- 
ing open  obsolete  meshes. 

This  species,  which  is  founded  on  very  im- 
perfect material  collected  from  the  sandy  lam- 
inated clays  of  the  Wilcox  group  along  Colorado 
River  in  Texas  and  from  a  single  specimen  from 
the  Grenada  formation  of  Grenada,  Miss.,  ap- 
pears to  be  closely  alUed  to  the  contemporane- 
ous forms  which  are  referred  to  the  new  genus 
Dillenites.  It  lacks  the  ovate  outline  and  more 
numerous  teeth  of  Dillenites  ovatus  Berry  and 
the  close-set  teeth  of  the  two  smaU-leafed 
species  Dillenites  tetracerqfolia  Berry  and  DU- 
Unites  serraius  Berry.  Though  less  robust  and 
much  smaller  it  resembles  Dillenites  microden- 
tatus  (HoUick)  Berry  in  the  characters  of  the 
margin  and  in  venation  but  differs  somewhat 
in  general  outline. 


Like  the  associated  smaller-leafed  species  of 
Dillenites,  it  shows  great  similarity  to  existing 
tropical  American  forms  of  the  genus  Tetracera 
Tiinng  (Rhiniimi  Schreber,  Euryandra  Forster, 
Wahlbomia  Thunberg).  The  slightly  inequi- 
lateral outline  suggests  comparisons  with  the 
leaflets  of  compound  leaves,  for  example  those 
of  Fraxinus  or  Ehus,  and  such  comparisons 
have  been  made  without  success.  Similar 
leaves,  generally  from  yoimger  horizons,  have 
often  been  referred  to  the  genus  Planera,  but 
many  of  these  references  are  not  conclusive. 

Occurrence, — Wilcox  group,  1,000  yards  below 
Pope  Bend  on  Colorado  River,  Bastrop  County, 
Tex.  (collected  by  Alexander  Deussen).  Gren- 
ada formation,  Grenada,  Grenada  Coimty, 
Miss,  (collected  by  E.  N.  Lowe  and  E.  W. 
Berry). 

Collections, — ^U.  S.  National  Museum. 

Fanuly  TEBNSTBCBMIACBA  (THEACBA). 
Genus  TERNSTR(EMITES  Berry,  il  geiu 

This  genus  is  proposed  for  leaves  resembling 
those  of  Gordonia,  Hssmocharis,  Pyrenaria, 
Freziera,  Eurya,  and  the  Uke,  of  the  family 
Temstroemiaceae,  probably  representing  an 
ancestral  Eocene  form  of  more  than  one  exist- 
ing genus.  For  the  present  its  characters  are 
those  of  the  following  species: 

Leaves  with  acuminate  apex  and  base,  margin  finely 

dentate-serrate Temstrosmites  eolignitiais. 

Base  broadly  rounded,  slightly  decurrent,  mai^gin  rather 

coarsely  crenate TemstrctmiUs  preelaibomensis. 

Apex  bluntly  pointed,  base  much  decurrcnt,  margin  finely 

crenate TematroemiUs  ovalu*. 

Leaves  linear-lanceolate,  falcate,  maigin  shows  distant 

shallow  crenations TemBtnemiUs  lanceolatus. 

TEBNSTR(EHrr£S   EOLiGNmous  Beny,  n.  sp. 

Plates  LXXVI,  figures  1  and  2,  and  LXXVIII,  figure  5. 

Description. — ^Leaves  as  a  rule  relatively 
large,  oblong-lanceolate  in  general  outline,  the 
tip  narrowed  and  extended  acuminate  and  the 
base  sharply  cuneate.  Length  ranges  from  1 1 
to  18  centimeters.  Maximum  width,  at  a 
point  about  midway  between  the  apex  and 
the  base,  ranges  from  1.5  to  3.26  centi- 
meters. Margins  entire  at  the  base,  above 
which  close-set  dentate  teeth  gradate  upward 
into  serrate  teeth,  the  margins  in  their  entirety 
being  irregularly  more  or  less  undulate.  Tex- 
ture coriaceous.  Petiole  not  preserved.  Mid- 
rib very  stout,  prominent  on  the  lower  surface 
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or  very  broadly  cuneate.  Length  about  13 
centimeters.  Maximum  width,  in  the  lower 
half  of  the  leaf,  about  6  centimeters.  Margins 
entire,  slightly  imdulate.  Texture  subcoria- 
ceous.  Petiole  not  preserved.  Midrib  stout, 
prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  numerous,  stout,  prominent,  and 
subparallel;  about  12  subopposite  to  alternate 
pairs  diverge  from  the  midrib  at  angles  between 
35*^  and  40°;  they  are  somewhat  irregularly 
spaced,  pursue  a  rather  straight  course,  become 
more  curved  and  camptodrome  in  the  marginal 
region,  and  extend  rather  close  to  the  margins. 
Tertiaries  thin,  percurrent,  almost  entirely 
obsolete. 

This  species  is  based  on  the  forms  from  Lou- 
isiana which  were  referred  by  HolUck  to  Kham- 
nu8  clebumi  Lesquereux,*  which  is  an  abundant 
and  variable  form  in  the  flora  of  the  Denver 
formation  of  Colorado.  The  present  form  is 
long-petioled,  more  slender,  lanceolate  as  a 
rule,  and  has  a  narrower  base,  much  thinner 
and  more  curved  secondaries,  and  very  close 
set,  percurrent  tertiaries.  The  last  feature  is 
invariably  characteristic  of  the  hundreds  of 
specimens  collected. 

Ehamnua  coushatta  is  more  pointed  distad 
and  more  rounded  proximad  than  Rhamnus 
Tnarginatus  Lesquereux  and  has  a  th'mner  mid- 
rib and  obsolete  tertiaries.  It  differs  from 
Rliamnua  eoligniticus  Berry  in  its  larger  size, 
ovate  form,  broader  base,  and  more  numerous 
and  straighter  secondaries. 

Occurrence. — Grenada  formation,  Grenada 
Coimty,  Miss,  (collected  by  E.  N.  Lowe  and 
E.  W.  Berry).  Wilcox  group,  one-fourth  of  a 
mile  above  Coushatta,  Red  River  Parish,  La. 
(collected  by  G.  D.  Harris);  1  mile  northeast 
of  Rockdale  Church,  3  J  miles  southeast  and 
2  miles  south  of  Naborton,  De  Soto  Parish, 
La.  (collected  by  G.  C.  Matson  and  O.  B. 
Hopkins). 

Collections. — ^U.  S.  National  Museum  (No. 
2581);  New  York  Botanical  Garden. 

Genus  RHAMNITES  Forbes. 

Rhamnites  berchemiafobmis  Berry,  n.  sp. 

Plate  LXXI,  figure  3. 

Description. — Leaves  medium  sized  or  rela- 
tively small,  inequilateral  in  outline,  widest  in 
the  middle  and  pointed  at  both  ends,  the  tip 

1  Lesquereux,  Leo,  The  Tertiary  flora,  p.  280,  pi.  53,  figs.  1-3, 1878. 


slightly  narrower  than  the  base.  Length  about 
6.5  centimeters.  Maximum  width  about  2.8 
centimeters.  Margins  feebly  undulate;  the 
undulations  at  times  passing  into  remote  ob- 
scure crenations,  particularly  in  the  upper  half 
of  the  leaf.  Leaf  substance  thin.  Petiole  not 
preserved.  Midrib  thin,  flexuous.  Secondaries 
thin,  camptodrome;  about  six  subopposite  to 
alternate  pairs  diverge  from  the  midrib  at  an- 
gles of  45°  or  less;  they  sweep  upward  in  long, 
flat,  subparallel  curves,  becoming  more  curved 
distad  parallel  with  the  marginal  undulations 
and  dose  to  them.  As  a  rule,  an  outer  branch 
in  their  upper  course  diverges  at  a  small  angle, 
connecting  with  the  secondary  next  below. 
Tertiary  venation  obsolete. 

This  species  is  based  on  scanty  material,  only 
a  single  nearly  complete  specimen  (the  one 
figured)  being  contained  in  the  collections.  It 
is,  however,  entirely  distinct  from  the  other 
members  of  Wilcox  flora  and  is  clearly  referable 
to  the  RhamnaceaB,  suggesting  among  several 
genera  an  affinity  with  the  genus  Berchemia 
Necker,  which  is  commemorated  in  the  specific 
name.  Because  of  the  little  material  available 
for  study  it  is  referred  to  the  form  genus 
Rhamnites  without  any  effort  being  made  to 
allocate  it  among  the  more  or  less  convergent 
genera  of  the  Rhamnacess. 

Occurrence. — Beds  of  Wilcox  age,  Calaveras 
Creek,  Wilson  County,  Tex.  (collected  by  Alex- 
ander Deussen). 

Collection. — ^U.  S.  National  Museum. 

Order  MALVALES. 

Family  TUAACEM. 

Genus  GREWIOPSIS  Saporta. 

Gbbwiopsis  tennesseensis  Berry,  n.  sp. 

Plate  LXIV,  figures  4  and  5. 

Description. — ^Leaves  small  or  medium  sized, 
broadly  eUiptioal  in  outline,  the  base  trimoate 
or  slightly  oordato  and  the  tip  narrowly  pointed, 
palmately  five  to  seven  veined  from  the  top 
of  the  petiole.  Length  4  to  8  centimeters. 
Maximum  width  3.5  to  8  centimeters  in  the 
basal  part  of  the  leaf.  Margin  entire  for  a 
greater  or  less  distance  on  either  side  of  the 
petiole,  gradually  passing  into  a  region  of  more 
or  less  prominent  crenate  teeth,  which  tend 
to  become  obsolete  in  the  apex  of  the  leaf. 
Petiole  long  and  relatively  stout,  2  to  3.5  cen- 
timeters m  l?ngth.     Primaries  five  to  seven 
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cany  minute  close-set  crenate  teeth.  Texture 
coriaceous.  Petiole  missing.  Midrib  stout, 
neariy  straight,  prominent  on  the  lower  siuf  ace 
of  the  leaf.  Secondaries  medium  sized,  not 
prominent,  niunerous,  diverging  from  the  mid- 
rib at  angles  of  about  50*^,  somewhat  irregu- 
lariy  spaced,  straight  at  first,  ciuring  abruptly 
upward  about  two-thirds  of  the  distance  to  the 
margin  to  form  camptodrome  arches. 

This  species  is  shorter  and  wider  than  Temr 
strcsmites  eoligniticus  Berry  and  the  teeth  are 
smaller,  more  close-set,  and  different.  It  is 
much  like  the  larger  leaves  of  Temstrcsmites 
predaibomensis  Berry  but  is  more  abruptly 
pointed,  more  narrowly  decurrent,  and  the 
teeth  are  much  smaller  and  more  numerous. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Misd.  (coDected  by  E.  N. 
Lowe  and  E.  W.  Berry);  Lagrange  formation 
(in  beds  of  Wilcox  age) ,  Puryear,  Henry  County, 
Tenn.  (collected  by  E.  W.  Berry).  Wilcox 
group,  see.  28,  T.  13  N.,  R.  12  W.,  De  Soto 
Parish,  La.  (collected  by  G.  C.  Matson  and 
O.  B.  Hopkins). 

Collections. — ^U.  S.  National  Museimi. 

Ternstrcemites  lancbolatus  Berry,  n.  sp. 

Plate  LXXVII,  figure  5. 

Description. — Leaves  linear-lanceolate  and 
many  of  them  falcate  in  outline,  the  apex 
acuminate  and  the  base  narrowed  and  markedly 
decurrent.  Length  ranges  from  6  to  14  centi- 
meters. Maximimi  width,  below  the  middle, 
ranges  from  6.5  millimeters  to  2  centimeters. 
Margins  entire  for  a  short  distance  proximad, 
above  which  they  bear  more  or  less  distant, 
very  broad  and  shallow,  crenate  teeth.  Tex- 
ture coriaceous.  Petiole  stout,  about  2.6 
centimeters  in  length  in  the  larger  leaves. 
Midrib  very  stout  and  curved.  Secondaries 
numerous,  subparaJlel,  -thin,  largely  immersed, 
diverge  from  the  midrib  at  angles  of  about  45°, 
slightly  curved  imtil  the  marginal  region  is 
reached,  where  they  are  regularly  campto- 
drome. Tertiaries  thin,  mostly  obsolete  by 
immersion  in  the  leaf  substance,  forming  rela- 
tively large  four  or  five  sided  meshes. 

This  species  is  smaller  and  relatively  nar- 
rower than  TemstrtBmites  eoligniticus  Berry  or 
Temstramites  ovaius  Berry.  It  is  somewhat 
similar  to  the  narrower  forms  of  Temstrcemites 
preclaibomensis  Berry,  but  it  may  be  distin- 
guished at  once  by  its  less  prominent  teeth, 


longer  petiole,  more  numerous,  more  ascending, 
and  thinner  secondaries. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry);  Lagrange  formation 
(in  beds  of  Wilcox  age) ,  Puryear,  Henry  Coimty , 
Tenn.  (collected  by  E.  W.  Berry). 

Collections. — U.  S.  National  Museum. 

Order  THViiTgT.TeAT.-RR 

Family  LAT7BACEA. 

Genns  CINNAMOMUM  Blnme. 

Leaves  with  rounded  tips CHnrumiomum  obovcUus. 

Leaves  with  pointed  tips: 

Primaries  strictly  aerodrome Cmnarnomum  vera. 

Primaries  subacrodrome: 

Leaves  small,  linear  or  oblong-lanceolate. 

Omnamomum  oblongatum. 
Leaves  laige,  oblong-lanceolate,  equally  acumi- 
nate at  both  ends . .  CSnnamomwm  poitnewberryi. 
Leaves  large,  broad,  tips  more  acuminate  than 
bases: 
Ovate,  tips  not  apiculato. 

Omnojnomum  mMssippientis, 
Ovate,  tips  apiculate . .  CSnnamomum  buchii. 

CiNNAMOMUM  OBOVATU8  Berry,  n.  sp. 

Plate  XXIX,  figure  3. 

Description. — ^Leaves  medium  sized,  obovate 
in  general  outline,  the  tip  broadly  rounded, 
perhaps  abnormal,  and  the  base  gradually 
narrowed,  ouneate,  and  decurrent.  Length 
about  5  centimeters.  Maximum  width,  above 
the  middle  of  the  leaf,  about  2.1  centimeters. 
Margins  entire.  Texture  ooriaoeous.  Petiole 
short,  very  stout,  curved,)  enlaiged  proximad, 
about  7  millimeters  in  length.  Midrib  stout, 
curved,  prominent  on  the  lower  surface  of  the 
leaf.  Lateral  primaries,  one  on  each  side,  sub- 
opposite,  thin,  suprabasilar,  diverging  from  the 
midrib  at  angles  of  about  20^,  rather  straightly 
ascending  parallel  with  the  lateral  margins, 
camptodrome  in  the  upper  part  of  the  leaf. 
Secondaries  thin,  two  or  three  alternate  camp- 
todrome pairs  in  the  upper  part  of  the  leaf. 
Tertiaries  thin  but  well  marked,  forming  small 
straight-sided  arches  along  the  primaries,  inter- 
nally forming  rather  straight,  anastomosing, 
ma^y  transverse  veinlets.  Nervilles  forming 
small  quadrangular  or  polygonal  meshes. 

This  species  is  represented  by  the  single 
specimen  figured,  which  may  be  an  abnormal 
variant  of  some  other  lauraceous  member  of 
the  Wilcox  flora.    If  it  is  assumed  that  the 
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rounded  apex  is  abnormal  the  base  is  surely 
normal,  and  this  as  well  as  the  character  of  the 
venation  differs  from  the  known  members  of 
this  flora,  so  that  I  am  constrained  to  describe 
it  as  a  new  species. 

Occurrence. — Holly  Springs  sand,  Holly 
Springs,  Marshall  Cbunty,  Miss,  (collected  by 
E.  W.  Berry). 

Collection, — ^U.  S.  National  Museum. 

CiNNAMOMUM    VERA    BciTy,  U.  sp. 
Plates  LXXIX,  figures  3-^,  and  LXXXVII,  figiir©  4. 

Description, — ^Leaves  elliptical  to  ovate-lance- 
olate in  outline,  somewhat  variable  in  propor- 
tions and  size,  ranging  from  4  to  8  centimeters 
in  length  and  from  1.5  to  2.8  centimeters 
in  maximum  width  about  midway  between 
the  apex  and  the  base.  In  the  typical  forms 
the  apex  and  base  are  identical  in  size  and 
shape  and  are  broadly  pointed  by  the  coming 
together  of  the  full  rounded  lateral  margins, 
the  leaves  being  strictly  equilateral.  There 
is  a  tendency  in  some  specimens,  like  those 
figured  from  Oxford,  Miss.,  and  Puryear, 
Tenn.,  for  the  leaves  to  assume  a  narrower 
form,  the  apex  being  narrowed  as  compared 
with  the  broad  base,  somewhat  elongated  and 
acuminate,  and  these  leaves  are  slightly  falcate. 
The  leaves  were  evergreen  and  coriaceous,  and 
the  margins  were  entire.  Petiole  short  and 
stout,  3  to  5  millimeters  in  length,  the  average 
being  about  4  millimeters,  curved,  and  in 
some  specimens  1.5  millimeters  in  diameter. 
There  is  a  slight  decurrence  of  the  extreme 
basal  margins  on  the  petiole.  The  midrib  is 
rather  stout,  considerably  thinner  than  the 
petiole,  generally  straight.  The  lateral  prima- 
ries are  thinner  than  the  midrib,  from  which 
they  branch  at  or  near  the  extreme  base  at 
angles  of  about  30®,  regularly  bowed  and  aero- 
drome, remiiting  with  the  midrib  at  its  extreme 
tip  at  the  same  or  slightly  more  acute  angles 
than  their  divergence  angles.  Outside  the 
main  primaries  there  is  a  single  accessory  pri- 
mary on  each  side  of  the  leaf.  These  acces- 
sory primaries  diverge  from  the  top  of  the 
petiole  at  slightly  wider  angles  than  the  main 
primaries  and  run  parallel  with  them  and  also 
with  the  leaf  margin,  pursuing  a  course  close 
to  the  margin;  in  some  specimens  they  consti- 
tute a  marginal  hem  and  in  others  are  distant 
from  the  margin  as  much  as  1.5  millimeters. 
Tertiaries  fine,  numerous,  and  obUquely  trans- 


verse, both  between  midrib  and  main  prima- 
ries and  the  main  and  accessory  primaries. 
In  no  specimens  are  secondaries  developed  of 
the  type  found  in  the  distal  part  of  most  species 
of  Qnnamomum,  nor  are  there  any  marginal 
upwardly  directed  and  camptodrome  tertiaries 
as  in  most  species  of  Cinnamomum. 

This  is  an  imusually  well  marked  species 
and  unlike  any  previously  described  fossil 
species,  although  identical  with  several  exist- 
ing species.  Species  of  Cinnamomum  are 
abundant  from  the  middle  Cretaceous  to  the 
present.  The  leaves  are  always  rather  va- 
riable, as  the  reader  can  see  by  consulting 
the  figures  of  the  widespread  Tertiary  species 
Oinnamomum  buchii  Heer,  C,  scheuchzeri  Heer, 
C.  rossmdssleri  Heer,  C.  polymorpJium  Heer, 
and  C.  lanceolatum  Heer.  Leaves  of  the  types 
of  these  species  are  recorded  from  numerous 
American,  European,  and  some  Asiatic  locali- 
ties at  horizons  ranging  from  the  base  of  the 
Eocene  through  the  Pliocene.  They  are  fig- 
ured by  Heer  ^  and  by  numerous  other  authors. 
It  is  possible  to  find  single  variants  among 
Heer^s  species,  as  well  as  among  the  fifty  or 
more  additional  fossil  species,  that  closely 
resemble  Oinnamomum  vera,  but  none  are 
consistently  similar,  the  most  similar  being 
Oinnamxxmum  rossmassleri  Heer.^ 

Oinnamomum  vera  appears  to  have  been 
common  all  along  the  eastern  shore  of  the 
embayment  during  middle  and  later  Wilcox 
time. 

Occurrence. — Holly  Springs  s€md,  Oxford, 
Lafayette  Coimty,  Miss.,  and  Holly  Springs, 
Marshall  County,  Miss.  Lagrange  formation 
(in  beds  of  Wilcox  age),.  Puryear,  Henry 
County,  Tenn.  (All  collected  by  E.  W. 
Berry.) 

Collections, — ^U.  S.  National  Museum. 

Cinnamomum  oblongatxim  Berry,  n.  sp. 

Plates  LXXIX,  figures  1  and  2,  and  LXXXIII,  figure  6. 

Description. — Leaves  small  but  different  in 
size,  oblong-lanceolate  in  general  outline,  the 
apex  gradually  narrowed  and  acuminate  and 
the  base  cuneate  and  sUghtly  decurrent. 
Length  ranges  from  7  to  10  centimeters.  Maxi- 
mum width,  in  the  middle  part  of  the  leaf, 
ranges  from  1.25  to  1.8  centimeters.  Margins 
entire.   Texture  coriaceous.   Petiole  very  stout, 

I  Heer,  Oswald,  Flora  tertiaria  Ilelvetise,  vol.  2,  pis.  91-95, 1H.56. 
» Idem,  p.  84,  pi.  93,  figs.  2-4, 15-17. 
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generally  curved,  about  6  millimeters  in  length. 
Midrib  stout  and  prominent.  Lateral  prima- 
ries thin,  diverging  from  the  midrib  at  acute 
angles  very  near  its  base,  aerodrome,  running 
close  to  and  parallel  with  the  margins.  Ter- 
tiaries  thin,  numerous,  nearly  straight,  and 
transverse. 

This  species,  though  it  greatly  resembles 
some  of  the  forms  referred  to  Ginnamomum 
lanceolatum  (Unger)  Heer,^  is  clearly  distinct 
and  may  be  distinguished  from  this  and  allied 
species  of  lanceolate  Cinnamomums  by  the 
lack  of  widening  in  the  basal  lamina.  It  is 
represented  in  the  succeedmg  Claiborne  flora 
by  a  closely  allied,  undescribed  species,  which 
probably  represents  a  direct  descendant  and  is 
consistently  narrower  and  more  linear,  with 
suprabasilar  lateral  primaries  and  a  somewhat 
different  and  well-marked  tertiary  venation. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry).  Wilcox  group, 
sec.  28,  T.  13  N.,  R.  12  W.,  De  Soto  Parish, 
La.  (collected  by  G.  C.  Matson). 

Collection, — U.  S.  National  Museum. 

CiNNAMOMUM  POSTNEWBERRYi  Berry,  n.  sp. 

Plate  LXXIX,  figure  9. 

Cinnamomu m  scheuchzeri  Heer .  Hollick ,  in  Harris ,  G .  D . , 
and  Veatch,  A.  C,  A  preliminary  report  on  the 
geology  of  Louisiana,  p.  283,  pi.  41,  fig.  4, 1899. 

Daphnogene  Kanii  Heer.  Hollick,  idem,  p.  284,  pi.  41, 
fig.  3. 

Description. — Leaves  differing  in  size,  lan- 
ceolate in  general  outline,  equally  pointed  at 
the  apex  and  the  base.  Length  ranges  from  8 
to  13  centimeters.  Maximum  width,  midway 
between  the  apex  and  the  base,  ranges  from 
2.25  to  3.5  centimeters.  Margins  entire,  uni- 
formly and  regularly  rounded.  Texture  coria- 
ceous. Petiole  not  preserved.  Midrib  stout 
and  prominent.  Lateral  primaries  nearly  as 
stout  as  the  midrib,  prominent,  diverging  from 
its  extreme  base  at  angles  of  about  10°,  aero- 
drome about  halfway  between  the  midrib  €md 
the  margins,  and  parallel  with  the  margins. 
One  or  two  camptodrome  secondaries  may  be 
developed  in  the  extreme  tip  of  the  leaf. 
Outer  branches  from  the  primaries  diverge  at 
a  wide  angle  and  are  rather  straight  and  camp- 
todrome. Midrib  and  primaries  connected 
by  nearly  straight,  thin  transverse  veins. 

» Heer,  Oswald,  Flora  tertiaria  Uelvetiae,  vol.  2,  p.  86,  pi.  93,  figs.  6-11, 

18%. 


This  species  is  represented  by  fragmentary 
specimens  from  the  western  embayment  area, 
some  of  which  were  confused  with  Arctic  or 
European  forms  by  Holhck.  They  resemble 
Cinnamomum  scheuchzeri  Heer  and  Daphno- 
gene Icanii  Heer  in  a  general  way  but  are  per- 
fectly distinct,  differing  in  general  form  and 
in  the  details  of  their  venation. 

The  present  species  is  named  from  its  ob- 
vious fihation  with  the  widespread  Upper 
Cretaceous  species  Cinnamomum  newberryiy^ 
of  which  abundant  figures  may  be  consulted 
under  the  preoccupied  name  Cinnamomum  in- 
termedium Newberry.' 

Occurrence, — ^Wilcox  group.  Slaughter  Pen 
and  Vineyard  bluffs  on  Cross  Bayou,  Caddo 
Parish,  La.  (collected  by  A.  C.  Veatch),  and 
Hardys  Mill,  Greene  County,  Ark.  (collected 
byK.  E.  Call). 

Collections. — ^L^.  S.  National  Museum;  New 
York  Botanical  Garden. 

Cinnamomum  mississippiensis  Lesquereux. 

Plate  XXXVII,  figure  2. 

Cinnamomum  mississippienns.  Lesquereux,  in  Dana, 
J.  D.,  Manual  of  geology,  Ist  ed.,  p.  513,  fig.  794, 
1866. 

Leequereux,  Am.  Philos.  Soc.  Trans.,  vol.  13,  p.  418, 
pi.  19,  fig.  2,  1869. 

Knowlton,  Am.  Geologist,  vol.  16,  p.  308,  1895. 

Description, — Lesquereux's  description,  writ- 
ten in  1869,  is  as  follows: 

C.  foliis  Bubcoraceis,  ovatls.  lanceolatis,  acuminatis,  basi 
in  petiole  brevi,  seraipollicarl  longo,  subdecurrentibus,  inte- 
gerrimis,  triplinerviis,  nervis  lateralibus  ultra  }  evanidis. 

Lesquereux  described  Cinnamomum  affine  in 
the  American  Journal  of  Science  for  1868  with- 
out figures  and  in  1869  he  described  and  figured 
Cinnamomum  mississippiensis  in  the  Transac- 
tions of  the  American  Philosophical  Society. 
Knowlton  in  1898  united  these  two  species, 
but  after  detailed  comparisons  I  believe  that 
they  are  distinct.  Lesquereux  had  furnished 
a  figure  of  the  southern  form  to  Dana,  who 
pubhshed  it  in  the  first  edition  of  his  Manual 
in  1866,  so  that  the  name  mississippiensis  must 
obviously  stand  for  the  combination  in  case 
it  should  be  discovered  that  mississippiensis 
is  simply  a  variant  of  affine.  The  species  is 
not  common  in  the  embayment  region  and  is 

« Berry,  E.  W,,  Torrey  Bot.  Club  Bull.,  vol.  38,  p.  423,  1911. 
•  Newberry,  J.  8.,  The  flora  of  the  Amboy  clays,  p.  89,  pi.  29,  figs.  1-8 
10, 1896. 
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only  represented  in  the  available  collections 
by  fragments,  the  type  collected  by  Hilgard 
having  been  subsequently  lost. 

The  species  is  represented  in  the  lower 
Eocene  of  the  Rocky  Mountain  region,  where  it 
occurs  as  far  south  as  New  Mexico. 

Occurrence. — Ackerman  formation,  Raglands 
Branch,  Lafayette  County,  Miss,  (collected  by 
E.  W.  Hilgard) .  Dana  gives  a  locality  in  Win- 
ston County,  Miss.,  at  Colemans  Mill  near  New 
Prospect,  now  in  Choctaw  County.  At  this  lo- 
cality a  collection,  probably  otherwise  unre- 
corded, was  made  by  Hilgard. 

Collection. — ^U.  S.  National  Museum. 

CiNNAMOMUM  AFFiNE  Lcsquereux. 

CinnaTTuymum  affine.    Leequereux,  Am.  Jour.  Sci.,  2d  ser., 

vol.  45,  p.  206,  1868. 
Leequereux,  The  Tertiary  flora,  p.  219,  pi.  37,  figs.  1-4, 

7, 1878  (not  fig.  5). 
Knowlton,  U.  S.  Geol.  Survey  Bull.  152,  p.  68,  1898. 

Description. — This  species  has  already  been 
described  frcm  the  Midway  ( ?)  of  Texas.  (See 
p.  13.)  It  is  common  in  the  Wilcox  of  the 
western  Gulf  area  but  has  not  been  observed 
in  the  eastern  Gulf  area.  The  material  is 
identical  with  that  described  by  Lesquereux 
from  the  Denver  formation  of  the  Rocky 
Mountain  province. 

Occurrence. — Old  Port  Caddo  Landing,  on 
Little  Cypress  Bayou,  Cross  Lake,  Harrison 
County,  Tex.  (collected  by  T.  W.  Vaughan) ;  sec. 
28,  T.  13  N.,  R.  12  W.,  U  miles  northeast  of 
Mansfield  and  2f  miles  southeast  of  Naborton, 
Dc  Soto  Parish,  La.  (collected  by  G.  C.  Matson). 

Collections. — U.  S.  National  Museum. 

CiNNAMOMUM  BUCHii  Hecr. 

Plate  LXXIX,  figure  10. 

Cinnamamum  Buchii.     Heer,  Flora  tertiarla  Helvetise, 

vol.  2,  p.  90,  pi.  95,  figs.  1-8,  1856. 
Gaudin  and  Strozzi,  Contributions  k  la  flore  foesile 

italienne,  pt.  2,  p.  49,  pi.  8,  fig.  3,  1859. 
Saporta,  fitudes  sur  la  v^g^tation  du  eud-est  de  la 

France  k  I'^poque  tertiaire,  vol.  2,  p.  279,  1866. 
Saporta,  idem,  vol.  3,  p.  177,  pi.  1,  fig.  6;  pi.  5,  figs. 

5,  6,  1867. 

Sismonda,  Mat^riaux  pour  servir  k  la  pal^ntologie 

du  terrain  tertiaire  du  K6mont,  p.  52,  pi.  25,  fig. 

6,  1865. 

linger,  Die  foesile  Flora  von  Kinni,  p.  30,  pi.  7,  fig. 

39, 1867. 
Pilar,  Flora  fossilis  sueedana,  p.  60, 1883. 
Boulay,  Notice  aur  la  flore  tertiaire  des  environs  de 

Privas,  Ard^he,  p.  23,  1887. 


Peola,  Flora  fossile  Braidese,  p.  54, 1895. 

Peola,  Flora  dell'  Elveziano  torineee,  p.  36,  1899. 

Peola,  Hi  vista  italiana  di  paleontologia,  vol.  5,  p. 

104,  1899. 
Peola,  idem,  vol.  6,  p.  84,  1900. 
Peola,  Soc.  geol.  ital.  Boll.,  vol.  19,  pi.  16,  fig.  115, 

1896. 
Paolucci,  Nuovi  material i  e  ricerche  critiche  sulle 

piante  fossili  terziarie  dei  geesi  di  Ancona,  p.  94, 

pi.  16,  fig.  115,  1896. 
IloUick,  in  Harris,  G.  D.,  and  Veatch,  A.  C,  A  pre- 

liminaiy  report  on  the  geology  of  Louisiana,  p.  283, 

pi,  43,  fig.  1,  1899. 

Description. — Leaves  oblong  -  eUiptical  or 
obovate  in  outline,  the  tip  abruptly  narrowed 
and  apiculate  and  the  base  gradually  narrowed 
and  cuneate.  Length  of  Wilcox  forms  about 
13  centimeters.  Maximum  width,  midway 
between  the  apex  and  the  base,  about  4.25 
centimeters.  Margins  entire,  full  and  rounded, 
recurved  to  form  the  slender  extended  acumi- 
nate tip.  Texture  subcoriaceous.  Primaries 
three,  suprabasilar,  the  midrib  stoutest;  the 
laterals  diverge  suboppositely  at  acute  angles, 
pursuing  a  course  that  is  but  slightly  curved, 
joining  outward  branches  from  the  lowermost 
secondary  on  each  side  in  the  upper  half  of  the 
leaf.  Secondaries,  two  or  three  alternate  curved 
camptodrome  pairs  in  the  upper  half  of  the 
leaf,  diverging  from  the  midrib  at  wide  angles. 

This  species  is  a  type  that  approaches  close 
to  three  supposedly  different  European  Tertiary 
species — Oinnamomum  huchii  Heer,  Cinnamo- 
mum  polymorphum  Heer,  and  Oinnamomum 
spectahile  Heer — especially  to  the  first  and  last  of 
these  three.  It  is  also  similar  to  certain  Euro- 
pean forms  referred  to  Daphnogene,for  example 
Daphnogene  amplior  Saporta*  from  the  Sannoi- 
sian  of  Aix.  On  the  whole  the  form  from  Loui- 
siana can  not  be  separated  from  Oinnamomum 
bucTiiij  although  it  is  somewhat  larger  and  its 
coarser  venation  suggests  Oinnamomum  specta- 
hile. Both  are  mainly  Aquitanian  species, 
although  Oinnamomum  huchii  is  found  as  low 
as  the  Bartonian  in  Italy  and  Oinnamomum 
spectahile  has  been  identified  by  Knowlton  from 
the  Fort  Union  beds  in  Yellowstone  Park.  In 
the  absence  of  the  upper  half  of  the  leaf 
Oinnamomum  huchii  can  not  be  distinguished 
from  a  large  variety  of  triple-veined  lauraceous 
forms.  It  does  not  appear  to  have  been  com- 
mon in  the  Wilcox  flora;  at  least  if  it  was  it 
has  not  been  preserved  in  large  numbers. 

I  Saporta,  O.  de.  Demises  adjonctions  &  la  flore  fossile  d'Aix-«n- 
Provence,  pt.  2,  p.  38,  pi.  4,  fig.  5, 1880. 
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It  is  difficidt  to  appreciate  the  differences 
that  have  led  European  students  to  separate 
Cinnamomum  huchii  and  Cinnamomum  specta- 
bile.  Certainly  some  of  the  specimens  appear 
to  intergrade.  I  have  identified  Cinnamomum 
spectabile  from  the  Claiborne  group  in  Arkan- 
sas and  would  be  inclined  to  consider  the  form 
from  Coushatta  as  referable  to  this  species  on 
the  grounds  of  size,  texture,  and  variability  of 
the  tip.  As  it  has  been  identified  as  Cinna- 
momum buchii  there  is  hardly  sufficient  war- 
rant for  changing  the  name,  especially  in  view 
of  the  probability  that  the  two  species  may  not 
really  be  distinct. 

Occurrence, — Wilcox  group,  one-fourth  of  a 
mile  above  Coushatta,  Red  River  Parish,  La. 
(collected  by  G.  D.  Harris). 

Collection, — New  York  Botanical  Garden. 

Genus  PERSEA  Giirtner  flls. 

Persea  wilcoxiana  Berry,  n.  sp. 

Plate  LXXXVI,  figure  3. 

Description, — Leaves  cUiptical  in  general  out- 
line. Length  about  12  to  13  centimeters. 
Maximum  width,  which  is  about  midway  be- 
tween the  apex  and  the  base,  about  6  cen- 
timeters. Apex  and  base  short  and  broad, 
about  equally  pointed.  Margins  full,  regularly 
rounded  and  entire,  the  upper  and  lower  halves 
of  the  leaves  being  counterparts  as  regards  their 
outline.  Texture  subcoriaceous.  Midrib  stout 
and  straight.  Secondaries  thin  but  distinct; 
about  eight  chiefly  subopposite,  regularly 
spaced,  and  approximately  parallel  pairs  di- 
verge from  the  midrib  at  angles  of  45^  or  more 
and  curve  upward,  the  curve  increasing  distad 
as  they  bend  approximately  parallel  with  the 
margins  to  form  camptodrome  arches.  Ter- 
tiaries  thin  but  distinct,  largely  percurrent, 
the  cross  veinlets  forming  large  quadrangular 
or  polygonal  meshes. 

This  species  is  not  liable  to  be  confused  with 
any  other  member  of  the  Wilcox  flora,  although 
it  is  not  unlike  a  species  of  Persea  from  the 
overlying  Claiborne  group  in  Mississippi. 
Among  recent  forms  it  resembles  a  nimaber  of 
species  of  the  American  tropics  and  subtropics. 
The  genus  has  been  segregated  in  different 
ways  since  its  characterization  by  Gartner  in 
1805.  Engler  and  Prantl,  in  the  Naturhchen 
Pflanzenfamilien,  refer  10  species  of  the  south- 
eastern Asiatic  region  to  Persea,  but  Sargent 


states  that  with  the  exception  of  the  single 
form  endemic  in  the  Canary  Islands  all  its  50 
species  are  American,  ranging  from  the  southern 
United  States,  where  2  species  extend  north- 
ward as  far  as  Virginia  in  the  coastal  region,  to 
Brazil  and  Chile,  the  great  majority  of  the  forms 
being  tropical. 

Occurrence, — Wilcox  group,  Frierson  Mill, 
De  Soto  Parish,  La. 

Collection, — U.  S.  National  Museum  (No.  145). 

Persea  longipetiolatum   (HoUick)  Berry. 

Plate  LXXXVI,  figures  1  and  2. 

Persea  speciosa  Heer.  Hollick,  in  narria,  G.  I).,  and 
Veatch,  A.  C,  A  preliminary  report  on  the  geology 
of  Louisiana,  p.  284,  pi.  41,  fig.  5,  1899. 

Toxylon  longipetiolatum.  Hollick,  idem,  p.  282,  pi.  48, 
1899. 

Description, — Leaves  rather  large,  apparently 
somewhat  inequilateral  and  falcate,  ovate-lan- 
ceolate in  general  outline.  Apex  sharply  pointed 
but  not  extended.  Base  sharply  pointed  and 
slightly  decurrent  or  else  bluntly  pointed. 
Length  from  11  to  15  centimeters.  Maximum 
width,  in  the  middle  part  of  the  leaf,  ranges 
from  4.3  to  6.2  centimeters.  Margins  entire. 
Texture  coriaceous.  Petioles  long  and  very- 
stout,  curved,  tumid  proximad,  ranging  in 
length  from  4.5  to  6.5  centimeters.  Midrib 
stout,  curved,  and  prominent.  Secondaries 
stout,  nine  or  ten  subopposite  to  alternate 
pairs,  diverging  from  the  midrib  at  angles  of 
about  45*^  or  slightly  more  but  slightly  curved 
upward  until  they  reach  the  marginal  region, 
camptodrome.      Tertiaries  obsolete. 

This  fine  large  species  exhibits  some  varia- 
tion, as  shown  by  the  forms  identified  by  Hol- 
lick as  Persea  and  Toxylon.  This  diflFerence  is 
mainly  one  of  size  and  consequent  petiolar 
length.  Neither  is  at  all  close  to  the  normal 
forms  of  Persea  spedosa  Heer  but  is  somewhat 
similar  to  a  deformed  leaf  of  that  species  fig- 
ured by  Heer  *  from  the  upper  Miocene  of 
Oeningen,  Baden  (Tortonian),  a  geologic  hori- 
zon as  widely  removed  as  the  localities  are 
geographically.  I  fail  to  see  any  basis  for  the 
reference  of  this  species  to  the  monotypic  exist- 
ing genus  Toxylon,  which  has  relatively  wider, 
more  equilateral  and  elliptical  leaves  whose 
truncate  base  is  conunonly  so  full  that  the  basal 
margin  is  fluted  or  even  cordate.  The  apex  of 
Toxylon  is  more  or  less  produced  as  a  slender 

1  Ileer,  Oswald,  Flora  tertiaria  Helvetin,  vol.  2,  pi.  100,  fig.  l»,  1856. 
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acumen;  the  petiole  is  much  shorter,  and  the 
secondaries  are  fewer  in  number,  forking  and 
arching  some  distance  from  the  margins.  On 
the  other  hand,  Peraea  lonffipetiolatum  is  dis- 
tinctly lauraceous  in  all  its  characters  and  very 
similar  to  the  leaves  usually  referred  to  Persea, 
although  it  may  also  be  compared  with  some 
species  of  Nectandra.  It  r-esembles  closely  Lau- 
ras praestans  described  by  Lesquereux  *  from 
the  early  Eocene  at  Point  of  Rocks,  Wyo.,  but 
lacks  the  prominent  tertiaries  and  acuminate 
tip  of  the  western  form.  It  is  also  much  like 
Persea  coriaceay  from  the  Tertiary  of  Colombia, 
described  by  Engelhardt '  and  compared  with 
the  existing  Brazilian  species  Persea  rigida 
Nees.  No  material  other  than  the  type,  ex- 
cept a  small  specimen  from  Puryear,  has  been 
discovered.  I  am  indebted  to  Dr.  HolUck 
for  the  drawing  of  the  specimen  that  consti- 
tuted his  type  of  Toxylon. 

Occurrence, — Wilcox  group,  one-fourth  of  a 
mile  above  Coushatta,  Red  River  Parish,  La. 
(collected  by  G.  D.  Harris);  sec.  7,  T.  12  N., 
R.  11  W.,  De  Soto  Parkh,  La.  (collected  by 
G.  C.  Matson);  and  Old  Port  Caddo  Landing, 
Little  Cypress  Bayou,  Harrison  County,  Tox. 
(collected  by  T.  W.  Vaughan).  Lagrange  for- 
mation (in  beds  of  Wilcox  age),  Puryoar,  Henry 
County,  Tenn.  (collected  by  E.  W.  Berry). 

Collections, — New  York  Botanical  Garden. 

Genus  OREODAPHNE  Nees. 

Leaves  with  well-marked  lateral  primaries  in  the  lower 
half  of  the  leaf: 

Primaries  extending  above  the  middle,  apex  usually 

obtuse Oreodaphne  obtusifolia. 

Primaries  not  extending  above  the  middle,  apex  and 

base  equally  pointed Oreodaphne  aalinensis. 

Leaves  without  well-marked  lateral  primaries: 

Linear-lanceolate,  falcate,  with  remote  secondaries. 

Oreodaphne  pseudoffuianensis. 
Relatively  broad  leaves  with  less  remote  secondaries: 
Elongated  with  undulate  margins. 

Oreodaphne  missisaippiensis. 

Short  and  broad  with  regularly  rounded  margins: 

Equally  pointed  at  both  ends,  petiole  short, 

secondaries  five  or  more  pairs,  venation 

thin Oreodaphne  coushatta. 

Apex  slightly  extended,  secondaries  five  or 
fewer  pairs,  venation  very  coarse. 

Oreodaphne  wilcoxensis. 
Apex  extended,  petiole  elongated,  second- 
aries eight  or  more  pairs. 

Oreodaphne  puryeareTms. 


»  Lesquereux,  Leo,  The  Tertiary  flora,  p.  215,  pi.  63,  fig.  7, 1878. 
*  Engelhardt,  Hermann,  Senckenbergische  naturf.  Oesell.  Abh.,  vol. 
19,  p.  26,  pL  6,  figs.  3,  4, 1895. 


Oreodaphne  pltiyearensis  Berry,  n.  sp. 

Plate  LXXXIII,  figure  1. 

Description. — ^Leaves  medium  sized,  ovate- . 
lanceolate  in  general  outline,  with  full  rounded 
lateral  margins.  Length  about  9  centimeters. 
Maximum  width  about  3  centimeters,  in  the 
middle  part  of  the  leaf.  Apex  narrowed, 
somewhat  elongated  and  acuminate.  Basal 
half  much  fuller  than  the  apical  half,  finally 
slightly  decurrent  on  the  stout  petiole.  Mar- 
gins entire.  Texture  coriaceous.  Petiole  long 
and  stout,  1.5  centimeters  in  length.  Midrib 
stout,  curved,  prominent  on  the  lower  surface 
of  the  leaf.  Secondaries  stout,  not  prominent, 
however,  but  immersed  in  the  leaf  substance, 
about  8  pairs,  irregularly  spaced  and  diverg- 
ing from  the  midrib  at  different  angles,  the 
lower  secondaries  at  acute  angles,  more  or  less 
parallel  in  their  course  with  the  lower  lateral 
margins.  Angles  increase  distad;  the  median 
secondaries  are  regularly  curved  and  campto- 
drome  at  a  considerable  distance  from  the  mar- 
gins; the  distal  secondaries  are  short  and  nearly 
straight  to  the  point,  where  they  bend  abruptly 
upward  in  flat  arches  approximately  parallel  with 
the  margins  to  join  the  secondary  next  above. 

This  species  is  not  unlike  OreodapTine  fateus 
Nees,  as  well  as  other,  existing  species  in  this 
genus.  It  is  also  somewhat  like  Mespilo- 
daphne  cousTiatta  Berry,  from  the  Wilcox  de- 
posits of  Louisiana. 

Occurrence. — ^Ackerman  formation,  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  N.  Lowe  and 
E.  W.  Berry).  Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collections. — U.  S.  National  Museum. 

Oreodaphne  obtusifolia  Berry,  n.  sp. 

Plates   LXXX,    figure    1;  LXXXIII,    figures   2-.5,    and 

LXXXIV,  figures  1  and  2. 

Cinnamomum  sezanncnse  Watelet.  Ilollick  (not  Watelet), 
in  Harris,  G.  D.,  and  Veatch,  A.  C,  A  prelimi- 
nary report  on  the  geology  of  Louisiana,  p.  2.^3,  pi. 
42,  fig.  2,  1899. 

Description. — Leaves  variable  in.  size  and 
form,  elongate-elliptical  to  ovate-lanceolate  in 
outline.  Length  12  to  25  centimeters,  averag- 
ing about  16  centimeters.  Maximum  width, 
about  midway  between  the  apex  and  the  base, 
3.4  to  7.5  centimeters,  averaging  about  4 
centimeters.     Apex  variable,  pointed  in  sQme 
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specimens,  as  a  rule  broadly  rounded,  retuse  in 
one  specimen.  Base  more  acute  than  the 
apex,  ranging  from  narrowly  cuneate  in  the 
more  slender  leaves  to  broadly  cuneate  and 
ultimately  somewhat  decurrent  in  the  broader 
leaves.  Margins  entire,  full  throughout  most 
of  their  course;  some  of  them  show  an  undu- 
lation, as  in  Plate  LXXXIII,  figure  2.  Tex- 
ture coriaceous.  Petiole  short  and  stout,  1.5 
to  2  centimeters  in  length,  curved.  Midrib 
stout  and  prominent,  as  a  rule  more  or  less 
curved.  Lateral  primaries  much  less  stout, 
but  prominent,  suprabasilar,  subopposite,  di- 
verging from  the  midrib  at  angles  of  about  30®, 
curving  slightly  upward  and  then  nearly 
straight  to  the  middle  of  the  leaf  or  above  that 
region,  where  they  unite  with  the  outer  ter- 
tiary branches  from  the  lowest  secondaries. 
Secondaries,  four  to  seven  pairs,  opposite  to 
alternate,  thin  but  prominent,  branching  from 
the  midrib  at  an  angle  of  about  50®,  sweeping 
upward  in  a  broad  curve,  ultimately  campto- 
drome.  Internal  tertiaries  thin,  numerous 
and  percurrent.  Marginal  tertiaries  from  the 
outside  of  the  primaries,  for  the  most  part 
camptodrome.  Epidermal  cells  very  small, 
but  with  thin  walls,  differing  on  the  upper  and 
lower  surfaces  of  the  leaf,  the  substance  of 
which  in  some  specimens  is  preserved,  indicat- 
ing that  in  life  the  leaves  were  glossy  above. 
Preparations  fail  to  show  stomata,  but  the 
lower  epidermis  is  poorly  preserved,  which 
may  explain  this  feature;  yellowish  globules 
in  the  preparations  would  seem  to  indicate 
that  the  leaves  of  this  species  were  aromatic 
and  punctate  as  in  the  majority  of  existiug 
Lauraceee,  since  they  have  the  exact  appear- 
ance of  the  secretory  cells  of  that  family. 

This  species  is  represented  by  doubtfully  de- 
termined material  from  the  St.  Maurice  format, 
tion  of  the  Claiborne  group  of  Arkansas  and 
from  a  higher  horizon  in  the  Claiborne  group  on 
Colorado  River  in  Texas. 

OreodapTine  obtusifolia  constitutes  a  very  dis- 
tinct type  easily  distinguishable  from  the  nu- 
merous other  lauraceous  forms  of  the  Wilcox 
flora,  although  the  trivcined  basal  fragments 
might  readily  be  confused  with  Cinnamomum 
or  Malapcenna.  Perfect  specimens  are  very 
abimdant  in  the  clays  at  Puryear,  Tenn.,  and 
in  most  of  these  the  leaf  substance  is  preserved, 
although  it  exfoliates  as  a  rule  on  drying.  The 
full  form  of  the  leaves  with  their  blunt  apex 


renders  the  identification  of  complete  specimens 
a  simple  matter.  This  broadly  rounded  apex, 
though  not  a  constant  character,  is  imusual  in 
this  family,  the  groat  majority  of  existing  spe- 
cies being  lanceolate  and  more  or  less  falcate. 
Two  specimens  were  collected  by  the  writer 
from  the  locality  near  Grand  Junction,  Tenn., 
and  the  incomplete  leaf  from  Louisiana  identi- 
fied by  Hollick  as  Cinnamomum  sezannense 
Watelet  ^  is  undoubtedly  the  basal  half  of  a  leaf 
of  this  species  and  maybe  compared  with  some  of 
the  narrower  forms  figured  m  this  work.  It  may 
be  remarked  that  the  present  species  is  much 
like  Cinnamomum  sezannense  of  the  European 
Eocene,  especially  in  the  details  of  venation. 

The  genus  Oreodaphne  in  the  existing  flora 
contains  numerous  exclusively  American  tropi- 
cal species.  Pax,  in  Engler  and  Prantl,  makes 
it  a  subgenus  of  the  genus  Ocotea  of  Aublet,  an 
arrangement  which  is  undesirable  from  every 
viewpoint. 

Occurrence. — Holly  Springs  sand,  Holly 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry).  Ackerman  formation.  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
Coimty),  Miss,  (collected  by  E.  N.  Lowe  and 
E.  W.  Berry).  Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Wilcox  group.  Vine- 
yard Bluff,  Ooss  Bayou,  Caddo  Parish,  La. 
(collected  by  A.  C.  Veatch) ;  IJ  miles  northeast 
of  Mansfield,  2  miles  south  of  Naborton,  De 
Soto  Parish,  La.  (collected  by  G.  C.  Matson 
and  O.  B.  Hopkins);  and  Old  Port  Caddo 
Landing  on  Little  Cypress  Bayou,  Harrison 
County,  Tex.  (collected  by  T.  W.  Vaughan). 
Lagrange  formation  (in  beds  of  Wilcox  age), 
Puryear,  Henry  County,  Tenn.  (very  abundant), 
and  1  mile  south  of  Grand  Junction,  in  Fay- 
ette County,  Tenn.  (collected  by  E.  W,  Berry). 

Collections, — U.  S.  National  Museum. 

Obeodaphne  coushatta  Berry,  n.  sp. 

Plate  LXXXI,  figures  1  and  2. 

Tetranthera  praecuraoria  Lesquereux.  Hollick  (not  Les- 
quereux),  in  Harris,  G.  D.,  and  Veatch,  A.  C, 
A  preliminary  report  on  the  geology  of  Louisiana, 
p.  284,  pi.  44,  figs.  3,  4,  1899. 
Veatch,  U.  S.  Geol.  Survey  Prof.  Paper  46,  pi.  17, 
figs.  3,  3a,  1906. 

Description. — Leaves  ovate-lanceolate  in  out- 
line.    Apex  and  base  about  equally  and  ab- 

1  Watelet,  A.,  Description  desplantes fossfles  du  bassin  de  Paris,  p.  175, 
pi.  fiO,  fig.  2, 1866. 
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ruptly  pointed.  Length  about  15  centimeters. 
Maximum  width  in  the  middle  part  of  the  leaf 
about  5  centimeters.  Margins  entire.  Tex- 
ture subcoriaceous.  Petiole  short  and  nearly 
straight,  about  0.75  centimeter  in  length. 
Midrib  medium  sized,  nearly  straight.  Sec- 
ondaries, six  subopposite  to  alternate  pairs,  no 
lateral  primaries  differentiated.  Secondaries 
branch  from  the  midrib  at  acute  angles,  45°  or 
less,  curve  shghtly,  and  become  parallel  with 
the  margins;  they  become  shorter  and  more 
curved  in  the  upper  part  of  the  leaf  and  are 
unequally  spaced.  Tertiaries  mostly  percur- 
rent.  Areolation  quadrangular  or  polygonal, 
mostly  obsolete. 

This  form  was  recorded  by  HoUick  in  1899 
from  Louisiana  and  identified  with  the  Fort 
Union  species  Tetranihera  prxcursaria,  which  it 
somewhat  resembles,  although  it  may  be  readily 
distinguished  by  its  larger  size  and  broader,  less 
lanceolate  form,  its  less  distant  secondaries, 
and  shorter  petiole.     It  is  not  especially  close 
to  the  other  species  of  Oreodaphne  in  the  Wil- 
cox flora,  but  approaches  nearest  to  Oreodaphne 
puryearensis  Berry,  from  which  it  differs  in  its 
larger  size,  very  much  shorter  and  more  slender 
petiole,  more  slender  midrib,  longer  and  less 
curved    secondaries,    which    approach    much 
nearer  the  margins,  and  in  lacking  the  extended 
tip  of  that  species.     It  seems  to  be  a  rare  or 
possibly  an  inland  element  in  the  Wilcox  flora, 
since  only  the  type  material  has  been  collected. 
Occurrence. — ^Wilcox  group,  one-fourth  mile 
above  Coushatta,  Red  River  Parish,  La.  (col- 
lected by  G.  D.  Harris),  and  2  miles  south  of 
Naborton,  De  Soto  Parish,  La.  (collected  by 
O.  B.  Hopkins). 

Collection. — New  York  Botanical  Garden. 

Oreodaphne  salinensis  Berry,  n.  sp. 

Plate  LXXXII,  figures  1  and  2. 

Description. — Leaves  medium  sized,  lanceo- 
late in  general  outline.  Length  about  10  to  12 
centimeters.  Maximum  width  2.2  to  2.75 
centimeters,  about  midway  between  the  apex 
and  the  base.  The  margins  are  entire,  full, 
and  rather  evenly  rounded,  the  blade  narrow- 
ing almost  equally  distad  and  proximad, 
slightly  fuller  proximad.  The  apex  is  not 
extended  and  is  obtusely  pointed.  The  base 
is  somewhat  more  pointed  and  slightly  decur- 
rent    on    the    short    curved    petiole.    Midrib 


stout  and  nearly  straight,  slightly  flexuous  in 
some  specimens,  prominent  on  the  lower  sur- 
face of  the  leaf.  Secondaries  stout  and  more  or 
less  prominent;  one  or  two  lower  pairs  sub- 
opposite,  diverging  at  acute  angles  and  as- 
cending parallel  with  the  lower  lateral  margins 
nearly  halfway  to  the  apex,  where  they  form  a 
series  of  arches  from  the  ends  of  percurrent 
tertiary  branches  from  the  outer  side  of  the 
respectively  adjacent  secondaries.  From  the 
middle  of  the  leaf  to  the  apex  six  or  seven 
pairs  of  subopposite  to  alternate  secondaries 
diverge  from  the  midrib  at  angles  of  about  45° 
below  but  become  more  open  with  each  suc- 
cessive pair;  they  curve  regularly  upward  and 
are  subparallel  and  camptodrome.  Tertiaries 
not  prominent,  percurrent  for  the  most  part. 
Texture  coriaceous. 

This  is  the  smallest  and  narrowest  of  the 
Wilcox  species  of  Oreodaphne  and  appears  to 
to  be  confined  to  the  western  shores  of  the 
Mississippi  embayment.  It  is  close  to  certain 
still  existmg  species,  and  basal  fragments  are 
liable  to  be  confused  with  Cinnamomum. 

Occurrence. — Wilcox  group,  Benton,  Saline 
County,  and  Malvern,  Hot  Spring  County, 
Ark.  (collected  by  R.  E.  Call). 

Collection. — U.  S.  National  Museum. 

Oreodaphne  mississippiensis  Berry,  n.  sp. 

Plate  LXXXII,  figures  3-^. 

Lataiis  primigenia  linger.  HoUick  (in  part),  in  Harris, 
G.  D.,  and  Veatch,  A.  C,  A  preliminary  report  on 
the  geology  of  Louisiana,  p.  284,  pi.  41,  fig.  1  (not 
fig.  2),  1899. 

Description. — Leaves  large,  ovate-lanceolate 
in  outline,  as  a  rule  slightly  inequilateral,  the 
base  narrowly  cuneate  and  the  apex  abruptly 
acuminate  and  commonly  falcate.  Maximum 
length  about  19  centimeters.  Maximum  width, 
which  is  below  the  middle,  about  4  cen- 
timeters. Fragments  of  considerably  larger 
specimens  are  associated  with  the  type 
material,  one  having  a  width  of  5.25  centi- 
meters. The  lateral  margins  are  full  and 
entire  but  shghtly  undulate;  toward  the  apex 
they  approach  abruptly  to  the  acuminate  tip. 
Toward  the  base  they  are  full  and  roimded, 
curving  inward  rather  abruptly  and  then  con- 
tinuing downward  to  form  the  narrowly  cune- 
ate base.  Texture  coriaceous  but  the  leaf 
substance  not  especially  thick.     Midrib  very 
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stout,  especially  proximad,  flattened  rather 
than  prominent  on  lower  surface  of  the  leaf, 
more  or  less  curved.  Secondaries  distant, 
about  10  or  12  subopposite  to  alternate  pairs, 
rather  stout;  the  basal  pair,  which  are  sub- 
opposite,  form  angles  of  25®  to  30*^  with  the 
midrib  about  2  centimeters  above  its  base, 
ascending  in  broad  regular  curves,  campto- 
drome.  Secondaries  above  the  basal  pair 
more  or  less  regularly  spaced  at  intervals  of 
about  2  centimeters,  subtending  angles  of 
about  40®,  the  angle  increasing  somewhat  in 
the  upper  part  of  the  leaf,  camptodrome,  be- 
coming fine  and  arching  along  the  margin  for 
considerable  distances  in  all  but  the  apical 
portion  of  the  leaf.  The  interval  between  the 
basal  and  the  next  succeeding  pair  of  second- 
aries may  be  much  greater  than  between  nor- 
mal succeeding  pairs,  giving  the  leaves  a  tri- 
veined,  Cinnamomum-like  appearance;  or  aU 
the  secondaries  may  be  normally  spaced;  or 
one  of  the  basal  secondaries  may  be  ascending 
and  subtend  a  longer  interval,  as  in  one  of  the 
specimens  figured.  Tertiary  venation  fine, 
typically  lauraceous,  and  visible  with  great 
distinctness  with  magnification. 

This  large  and  striking  species  is  distinct 
among  the  numerous  lauraceous  forms  of  the 
Wilcox  flora  and  is  readily  recognized  by  its 
characteristic  outline.  I'he  leaves  were  pimc- 
tate  and  as  preserved  the  texture  is  character- 
istic and  suggests  that  the  lower  surface  was 
tomentose.  The  most  similar  associated  spe- 
cies is  Nectandra  glenni  Berry,  described  from 
the  clays  of  Wilcox  age  near  Grand  Junction, 
Tenn.,  which  has  a  more  gradually  narrowed 
apex  and  base,  giving  the  leaf  a  much  more 
symmetrical  appearance,  and  fewer  and  more 
ascending  secondaries. 

Among  described  species  from  western  Amer- 
ican Tertiary  localities,  there  are  none  espe- 
cially close  to  the  present  type.  It  is,  how- 
ever, much  like  Litssea  expansa,  described  by 
Saporta  and  Marion  *  from  the  Paleocene 
(mames  heersiennes)  of  Belgium,  which  has, 
however,  a  more  extended  tip  and  a  more 
broadly  cuneate  base.  It  may  also  be  com- 
pared with  Laurus  atienuataj  described  by 
Watelet^  from  the  Ypresian  of  the  Paris  Basin. 

1  Saporta,  G.  de,  and  Marion,  A.  F.,  Revision  de  la  flore  heersienne  de 
Oelinden,  p.  68,  pi.  11,  figs.  1, 2, 1878. 

s  Watelet,  A.,  Description  dra plantes  (ossiles  du bassin de  Paris,  p.  187, 
pi.  52,  figs.  3,  4, 1866. 


Numerous  existing  species  of  the  American 
Tropics  and  subtropics  in  this  and  allied  genera 
approach  closely  to  this  type.  In  fact,  though 
there  may  be  differences  among  students  of 
fossil  floras,  as  there  are  among  students  of  the 
existing  flora  regarding  the  proper  generic 
limits  of  the  genera  of  the  Lauraceee,  no  one 
can  dispute  the  correctness  of  the  family  refer- 
ence of  these  Wilcox  species.  The  present 
species  is  very  similar  to  the  larger-leafed 
forms  of  the  existing  Persed  pvbescens  (Pursh) 
Sargent^  so  common  in  our  Southern  States 
in  low  wet  places  in  the  Coastal  Plain.  I  have 
also  seen  unnamed  specimens  of  Ocotea  (Oreo- 
daphne)  from  New  Grenada  identical  with  it. 

Among  the  collections  of  fossil  plants  ac- 
cumulated by  the  Arkansas  Geological  Survey 
imder  Dr.  J.  C.  Branner  and  turned  over  to 
the  United  States  National  Museum,  there  is  a 
nearly  complete  leaf  of  Oreodaphne  missis- 
sippiensis,  which  was  obtained  in  digging  a 
shallow  well  near  Texarkana  and  bears  the 
designation  Persea  sp.  in  Prof.  Ward's  hand- 
writing. (U.  S.  Nat.  Mus.  Accession  No.  8608.) 
The  species  is  also  represented  by  fragmentary 
specimens  collected  by  A.  C.  Veatch  for  the 
Louisiana  Geological  Survey  at  Coushatta,  in 
Red  River  Parish,  and  now  in  the  collections 
of  the  New  York  Botanical  Garden.  The 
largest 'of  the  two  forms  figured  by  Hollick  as 
Laurus  primigenia  represents  one  of  these 
specimens.  Among  the  lauraceous  forms  of 
the  Upper  Cretaceous  in  this  area  the  present 
species  is  somewhat  similar  to  Oreodaphne 
alahamensis  Berry,  which  is  abimdant  in  the 
lower  part  of  the  Tuscaloosa  formation  of 
northwestern  Alabama  and  also  occurs  in  the 
Woodbine  sand  of  Lamar  County,  Tex. 

Occurrence. — Holly  Springs  sand,  near  Holly 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry),  and  2  miles  north  of  Lockhart, 
Lauderdale  Couhty,  Miss.  Wilcox  group^  one- 
fourth  mile  above  Coushatta,  Red  River  Par- 
ish, La.  (collected  by  A.  C.  Veatch);  Shreve- 
port,  Caddo  Parish,  La.  (collected  by  O.  B. 
Hopkins) ;  4^  miles  and  5  miles  southeast  and 
2  miles  south  of  Naborton,  De  Soto  Parish,  La. 
(collected  by  G.  C.  Matson  and  O.  B.  Hopkins) ; 
and  from  a  well  near  Texarkana,  MiUer  County, 
Ark.  (U.  S.  Nat.  Mus.  No.  8608). 

Collections, — U.  S.  National  Museum. 

•  Sargent,  C.  8.,  Silvaof  North  America,  vol.  7,  pi.  302, 1896. 
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Oreodaphne  pseudoouianensis  Berry,  n.  sp. 

Plate  LXXXI,  figures  3  and  4. 

Description. — ^Leaves     narrowly     elongate- 
lanceolate  and  falcate  in  general  outline,  the 
apex  gradually  attenuated  and  the  base  some- 
what shorter,  acuminate.     Length  ranges  from 
15  to  18  centimeters.     Maximum  width,  in  the 
lower  half  of  the  leaf,  1.7  to  2  centimeters. 
Margins  entire,   very  faintly  undulate.     Leaf 
substance  very  thick.     Texture  decidedly  co- 
riaceous.    Petiole    long,    stout,    and    curved, 
about  3  centimeters  in  length.     Midrib  stout, 
prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  stout,  prominent  on  the  lower  sur- 
face of  the  leaf;  three  or  four  commonly  sub- 
opposite  pairs  of  the  same  character  above 
these;  and  numerous  thin  reduced  pairs,  di- 
verging at  wide  angles,  in  the  attenuated  tip. 
The  basal  pair  are  opposite  and  subbasal,  di- 
verging from  the  midrib  at  angles  of  about  20**, 
rather  straight  in  their  course  and  close  to  and 
parallel  with  the  lower  lateral  margins.     The 
succeeding  two  or  three  pairs,  generally  subop- 
posite,  arise  at  intervals  of  1.5  to  2.5  centime- 
ters.    They  diverge  at  slightly  wider  angles, 
about  30®,  and  are  regularly  curved  and  as- 
cending,  becoming   parallel  with   the   lateral 
margins,  along  which  they  ascend  for  a  consid- 
erable distance,  and  are  eventually  campto- 
drome.     The  secondaries  diverge  at  wider  and 
wider  angles  and  are  more  curved  in  the  upper 
half  of  the  leaf  until  in  the  tip  they  become  very 
thin  and  diverge  at  angles  of  about  70**,  run- 
ning straight  about  halfway  to   the  margin, 
where  they  turn  abruptly  upward  to  form  wide 
arches  to  the  adjacent  superior  secondaries. 
Tertiary  venation  largely  immersed,  consisting 
of    transverse,    slightly    curved    nervilles,    as 
shown  in  the  figured  specimen  from  Puryear. 
Areolation  obsolete. 

This  striking  species  is  very  distinct  from  the 
associated  forms  of  LauraceaB  and  is  readily  dis- 
tinguished from  the  other  species  of  Oreodaphne 
as  well  as  from  those  of  related  genera  by  its  nar- 
row elongated  falcate  form.  With  the  exception 
of  its  long  petiole  and  less  distinct  areolation 
it  is  practically  identical  with  the  existing  Oreo- 
daphne guianensis  Aublet,  a  species  of  northern 
South  America,  the  type  locahty  being  Guiana. 

I  am  indebted  to  Dr.  Arthur  Hollick  for  per- 
mission to  figure  the  fine  specimen  of  Oreo- 
daphne pseudoguianensis  from  Coushatta,  La. 


Occurrence. — Wilcox  group,  one-fourth  mile 
above  Coushatta,  Red  River  Parish,  La.  (col- 
lected by  G.  D.  Harris).  Lagrange  formation 
(in  beds  of  Wilcox  age) ,  Puryear,  Henry  County, 
Tenn.  (collected  by  E.  W.  Berry). 

Collections. — ^U.  S.  National  Museimi;  New 
York  Botanical  Garden. 

Oreodaphne  wilcoxensis  Berry,  sp.  no  v. 

Plate  LXXXVII,  figure  6. 

Description. — ^Leaves  medium  sized,  ovate  in 
general  outline,  the  base  broadly  cuneate  and 
the  tip  slightly  extended,  acuminate.  Length 
about  11  centimeters.  Maximum  width,  in  the 
middle  part  of  the  leaf,  about  3.8  centimeters. 
Margins  entire.  Texture  coriaceous.  The 
marginal  curvature  is  irregular  and  the  leaf  is 
not  strictly  equilateral.  Petiole  not  preserved. 
Midrib  stout,  somewhat  flexuous,  very  promi- 
nent on  the  lower  surface  of  the  leaf.  Sec- 
ondaries few  in  number,  widely  and  irregularly 
spaced,  very  stout  and  prominent  on  the  lower 
surface  of  the  leaf;  four  or  five  alternate  pairs 
diverge  from  the  midrib  at  angles  of  about  50° 
to  55® ;  halfway  to  the  margin  they  have  swimg 
around  subparallel  with  it  and  they  ascend  for  a 
long  distance  in  this  position  in  a  series  of  flat 
arches.  The  tertiaries  also  are  prominent, 
transverse  in  general  direction,  commonly  per- 
current  but  generally  forked. 

This  fine  species  is  unfortunately  represented 
by  a  very  meager  amount  of  material.  Among 
the  numerous  Wilcox  species  of  Lauracese,  es- 
pecially those  of  the  genus  Oreodaphne,  it  is 
closest  to  Oreodaphne  coushatta  Berry,  from 
which  it  differs  in  its  more  irregular  form, 
coarser  and  more  prominent  venation,  and  in 
its  fewer  and  less  regularly  spaced  secondaries. 
It  is  very  similar  to  a  form  from  the  Tertiary 
of  Colombia  described  by  Engelhardt*  as  Lavr- 
rophyllum  rigidumB,nd  compared  with  the  exist- 
ing Ampelodaphne  aruncijlora  Meissner  of  Brazil. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry) . 

Collection. — U.  S.  National  Museum. 

Genus  MESPILODAPHNE  Nees. 
Mespilodaphne  puryearensis  Berry,  n.  sp. 

Plate  LXXXVII,  figure  1. 

Description. — ^Leaves  narrowly  ovate-lanceo- 
late  in    general    outhne,    commonly   falcate, 

1  Engelhardt,  Hermann,  Senckenbergische  naturf.  Oesell.  Abh.,  vol. 
19,  p.  30,  pi.  8,  fig.  6, 1895. 


50243'— IG- 


-20 


EBB 


306 


LOWER  EOCENE   FLOBAS  OF   SOUTHEASTERN   NORTH   AMERICA. 


the  base  pointed  and  the  tip  gradually  nar- 
rowed, elongated,  and  acuminate.  Length 
about  10  centimeters.  Maximum  width,  in  the 
basal  half  of  the  leaf,  about  2.5  centimeters. 
Margins  entire,  sUghtly  undulate  in  the  upper 
part.  Texture  coriaceous.  Petiole  long  and 
stout,  sUghtly  curved,  longitudinally  striated, 
about  2.5  centimeters  in  length.  Midrib  stout, 
becoming  thin  distad,  prominent  on  the  lower 
surface  of  the  leaf.  Secondaries  thin,  about  10 
subopposite  to  alternate  pairs,  somewhat  ir- 
regulariy  spaced,  diverging  from  the  midrib  at 
angles  of  about  45''  or  less,  curving  regularly 
upward  and  camptodrome.  Tertiaries  rela- 
tively stout,  forming  a  typically  lauraceous 
areolation,  which  is,  however,  nearly  obsolete 
by  immersion  in  the  substance  of  the  lamina. 

This  species  resembles  a  number  of  Wilcox 
species  of  Lauraceae  referred  to  the  genera 
Oreodaphne,  Mespilodaphne,  and  Nectandra 
but  is  entirely  distinct.  It  is  something  like 
Oreodaphne  pseudoguianensis  Berry  in  outUne 
but  is  more  ovate,  the  secondaries  are  more 
numerous,  and  the  venation  is  finer.  It  is  also 
more  ovate  in  form  than  Oreodaphne  salinensis 
Berry  and  lacks  the  lateral  pseudoprimaries 
of  that  species.  It  is  very  much  narrower  and 
more  elongated  than  Mespilodaphne  pseudo- 
glauca  Berry  or  Mespilodaphne  coushatta  Berry 
but  is  more  ovate  than  Mespilodaphne  eolig- 
nitica  Berry  and  the  venation  is  much  finer. 
The  species  of  Nectandra  are  not  close  enough 
to  occasion  any  confusion. 

In  the  modern  flora  of  tropical  and  sub- 
tropical America  a  number  of  forms  in  all  three 
genera  are  closely  comparable  with  the  present 

species. 

It  does  not  appear  to  have  been  common  in 
the  Wilcox  flora. 

Occurrence. — Ls^ange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

MESPHiODAPHNE  P8EUDOGLAU0A  Berry,  n.  sp. 

Plate  LXXX,  figure  4. 
Laurus  aocialis.    Lesquereux,  U.  S.  Nat.  Mus.  Proc.,  vol. 

11,  p.  24,  1888. 
Laurus  califomica.    Lesquereux  (not  Lesquereux,  1883), 

U.  S.  Nat.  Mus,  Proc.,  vol.  11,  p.  12,  pi.  4,  fig.  1, 

1888. 
Loughridge,  Report  on  the  geological  and  economic 
features  of  the  Jackson's  purchase  region,  p.  198, 1888. 

Description. — Leaves  medium  sized,  broadly 
ovate-lanceolate  in  outline.     Apex  somewhat 


produced  to  form  a  narrow  acuminate  tip. 
Base  narrowly  cuneate.  Length  ranges  from 
9  to  11  centimeters.  Maximum  width,  ranging 
from  3  to  5  centimeters,  midway  between  the 
apex  and  the  base.  Margins  entire.  Texture 
coriaceous.  Petiole  short,  stout,  and  curved, 
about  9  millimeters  in  length.  Midrib  stout, 
more  or  less  curved,  prominent  on  the  lower 
surface  of  the  leaf.  Secondaries  rather  stout, 
six  or  seven  pairs,  irregularly  spaced,  diverging 
from  the  midrib  at  angles  ranging  from  more 
than  55®  in  the  upper  part  of  the  leaf  to  35°  in 
the  lower  part,  the  basal  pairs  tending  to  as- 
sume a  course  parallel  with  the  lower  lateral 
leaf  margins,  all  curved  and  camptodrome. 
Tertiaries  thin,  forming  open  polygonal,  typi- 
cally lauraceous  meshes. 

This  species  resembles  a  number  of  existing 
as  well  as  fossil  LauracesB  that  are  referred  to 
several  genera,  being  closest  to  certain  existing 
species  of  Ocotea  of  the  section  Mespilodaphne 
Nees,  often  and  properly  segregated  as  a  distinct 
genus.  With  the  exception  of  8  or  9  African 
species  the  remainder  of  the  more  than  200 
existing  species  referred  to  Ocotea  are  natives 
of  tropical  and  subtropical  America.  The  most 
similar  existing  form  is  Mespilodaphne  glnuca 
of  Brazil,  which  is  very  close  to  the  fossil  in 
size,  outhne,  venation,  areolation,  texture,  and 
the  Uke,  the  only  difference  being  the  sUghtly 
blunter  apical  acumen  of  the  modem  leaf. 

A  specimen  of  this  species,  collected  by  R,  H. 
Loughridge  near  Boaz,  Ky.,  was  identified  by 
Lesquereux  in  1888  with  his  species  Laurus 
califomica  from  the  auriferous  gravels  of  Cali- 
fornia,^ which,  though  somewhat  similar,  is 
entirely  distinct.  For  one  thing  its  secondaries 
are  much  fewer,  and  there  are  numerous  other 
differences.  A  small  leaf  of  this  species  from 
Campbell's  quarry,  in  Louisiana,  was  identified 
by  Lesquereux  as  Laurus  socialis  Lesquereux, 
which  it  only  remotely  resembles.  It  is  only 
5  centimeters  long  and  1,7  centimeters  m  maxi- 
mum width,  and  except  for  its  fewer  secondaries 
is  exactly  like  the  normal-sized  leaves  of  this 
species  in  form  and  venation. 

Occurrence. — Wilcox  group,  CampbeU's 
quarry,  Cross  Bayou,  Caddo  Parish,  La.  (col- 
lected by  L.  C.  Johnson),  and  2  miles  south 
of  Naborton,  De  Soto  Parish,  La.  (collected 
by    O.    B.   Hopkins).     Holly   Springs   sand, 

1  Lesquereux,  Leo,  The  Cretaceous  and  Tertiary  floras,  p.  252,  pL  57, 
ag.  3;  pi.  58,  figs.  6-«,  1883. 
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Vaughans,  near  Lamar,  Benton  County  (for- 
merly part  of  Tippah  County),  Miss,  (collected 
by  L.  C.  Johnson) .  Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry);  1^  miles  east  of 
Grand  Jimction,  Hardeman  County,  Tenn.  (col- 
lected "by  L.  C.  Glenn);  WickMe,  Ballard 
County,  Ky.  (collected  by  L.  C.  Glenn);  and 
Boaz,  Graves  County,  Ky.  (collected  by  R.  H. 
Loughridge). 

Collections, — U.  S.  National  Museum. 

Mespilodaphne  eolignitica  (Hollick). 

Plate  LXXX,  figures  2  and  3. 

Andromeda  eolignitica.  Hollick,  in  Harris,  G.  D.,  and 
Veatch,  A.  C,  A  preliminary  report  on  the  geology 
of  Louisiana,  p.  287,  pi.  47,  fig.  2,  1899. 

Description. — Leaves  elongate-lanceolate, 
somewhat  inequilateral  in  outline,  the  apex 
more  or  less  extended  and  acuminate  and  the 
base  narrowly  pointed.  Length  ranges  from 
10  to  16  centimeters.  Maximum  width,  in  the 
middle  part  of  the  leaf,  ranges  from  1.7  to  3.2 
centimeters.  Margins  entire,  faintly  imdulate 
and  slightly  revolute.  Texture  coriaceous. 
Petiole  very  stout,  at  least  2  centimeters  in 
length.  Midrib  stout,  prominent  on  the  lower 
surface  of  the  leaf,  curved.  Secondaries  stout 
and  prominent  on  the  lower  surface  of  the  leaf; 
10  to  15  irregularly  spaced  pairs,  opposite  to 
alternate,  diverge  from  the  midrib  at  wide 
angles,  somewhat  irregular  in  their  courses, 
cm^e  upward,  and  arch  in  the  marginal  region, 
the  distal  pairs,  particularly  when  the  apex  is 
prolonged  as  an  acumen,  diverging  at  angles 
approaching  90°,  nearly  straight  in  their 
courses,  their  tips  joined  by  flat  arches  sub- 
parallel  with  the  margins.  Tertiaries  distinct, 
forming  rather  large  quadrangular  or  polygo- 
nal meshes. 

These  leaves  have  a  characteristic  appear- 
ance, well  shown  in  the  accompanying  figures, 
which  are  chosen  to  represent  the  extremes  of 
observed  variation — the  one  relatively  shorter 
and  wider,  with  an  obtusely  pointed  tip,  the 
other  similar  but  with  a  produced  acuminate 
tip.  In  specimens  preserved  in  clay  ironstone, 
like  those  from  Louisiana,  Hurleys,  and  Wolf 
River,  the  venation  as  a  rule  is  entirely  obsolete. 

This  species,  though  it  suggests  certain  pre- 
viously described  Tertiary  species  of  other 
areas,  is  clearly  distinct  from  any  of  them.  It 
is  somewhat  similar  to  Oreodaphne  mississip- 


piensis  Berry,  a  Wilcox  form  common  at  several 
localities,  but  the  specific  differences  are  obvi- 
ous '  tod  need  not  be  enumerated.  Among 
recent  Lauracese  it  appears  to  be  most  like  the 
Brazilian  tropical  species  Mespilodaphne  sassor 
fras  Meissner. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  Coimty,  Miss,  (collected  by  Lowe  and 
Berry).  Ackerman  formation.  Hurleys,  Ben- 
ton County  (formerly  part  of  Tippah),  Miss, 
(collected  by  E.  W.  Hilgard  but  not  named  by 
Lesquereux).  Wilcox  group,  one-fourth  mile 
above  Coushatta,  Red  River  Parish,  La.  (col- 
lected by  G.  D.  Harris) ;  \\  miles  southeast  and 
2  miles  south  of  Naborton,  De  Soto  Parish, 
La.  (collected  by  G.  C.  Matson  and  O.  B.  Hop- 
kins). Beds  of  Wilcox  age  on  Calaveras  Creek, 
300  yards  east  of  San  Antonio  &  Aransas  Pass 
Railway  bridge,  Wilson  County,  Tex.  (collected 
by  Alexander  Deussen).  Lagrange  formation 
(in  beds  of  WUcox  age),  Hatchie  River  near 
Shandy,  Hardeman  County,  Tenn.  (collected  by 
L.  C.  Johnson);  Baughs  Bridge,  Wolf  River, 
Fayette  County,  Tenn.  (collected  by  L.  C. 
Johnson  in  1889),  and  Puryear,  Henry  County, 
Tenn.  (collected  by  E.  W.  Berry). 

Collections, — ^U.  S.  National  Museum. 

Mespilodaphne  coushatta  Berry,  n.  sp. 

Plates  LXXX,  figure  6,  and  LXXXVII,  figure  3. 

Andromeda  delicatula  Lesquereux.  Hollick,  in  Harris, 
G.  D.,  and  Veatch,  A.  C,  A  preliminary  report  on 
the  geology  of  Louisiana,  p.  287,  pi.  45,  fig.  1,  1899. 

Description. — ^Leaves  mediuxn  sized,  elliptical 
in  general  outline,  the  apex  narrowed  and 
bluntly  pointed,  and  the  base  equally  nar- 
rowed, but  finally  much  decurrent.  Length 
about  8.5  centimeters.  Maximum  width,  mid- 
way between  the  apex  and  the  base,  about 
3.5  centimeters.  Margins  entire,  slightly 
irregularly  roimded.  Texture  subcoriaceous. 
Petiole  long  and  stout,  about  2.5  centimeters 
in  length.  Midrib  stcTut,  more  or  less  curved. 
Secondaries  rather  stout,  mostly  subopposite; 
about  eight  unequally  spaced  pairs  diverge 
from  the  midrib  at  wide  angles,  especially  in 
the  basal  part  of  the  leaf,  where  they  are  also 
more  closely  spaced;  they  curve  gently  and 
regularly  upward  and  are  subparallel  and 
camptodrome  close  to  the  margins,  with  which 
they  eventually  become  subparallel.  Tertiaries 
at  right  angles  to  secondaries,  thin,  percurrent 
or  forking  to  form  large  pentagonal  meshes. 
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This  species  was  identified  by  HoUick  with  Leaves  narrow  and  elongated: 

Andnmeda    delicatvla    Lesquereux,*    a    smaU  Over  17  cenUmetere  long,  apex  bluntly  pointed, 

species    of    the    Green    River    formation    in  tt  ^  .  it   ^  ♦•^  *      i             ei       ra  puryeareMu. 

'^          .                                           _j       1     J-     •              J  Under  17  centimeters  long,  acuminate: 

Wyonung.     The  two  are  perfectly  distmct  and  strongly  acuminate  at  both  ends,  commonly  fal- 

have  no  characters  in  common  except  for  their  cate,  secondaries  numerous. 

general  similarity  of  outline  and  long  petioles.  Nectandra  pseudocoriacm. 

The  western  form  is  not  only  much  younger  Relatively  wider,  less  acuminate,  fewer  second- 

than  the  WUcox  species,  but  it  is  only  about  ^^ NecUindra  U>wii. 

half  its  size,  the  petiole,  leaf  substance,  and 

venation  are  more  deUcate,  and  the  secondaries  Nectandra   lancifolia  (I^squereux)  Berry. 

are  less  numerous  and  more  ascending,  especially  ^^^^  lxxxv,  figure  2. 

in  the  basal  part  of  the  leaf,  which  is  also  less 

1                .  Persea  lancifolia.    Lesquereux,  Am.  Philos.  Soc.  Trans., 

oecurrem.  vol.  13,  p.  419,  pL  19,  figs.  3,  4,  1869. 

This  species  is  not  unhke  the  other  Wdcox  q^^  ^y^^^--  Heer.     Lesquereux  (in  part).  Am.  Philoe. 

species  of  Mespilodaphne,  but  is  perfectly  dis-  Soc.  Trans.,  vol.  13,  p.  415,  pi.  17,  figs,  l,  2  (not fig.  3), 

tinct  from  any  of  them.     It  is  about  the  same  1869. 

size    as     MespUodaphne    pseudoglauca    Berry,  Loughridge,  Report  on  the  geological  and  economic 

which   has,   however,    more    ascending   basal  I'^'Vr.ol^^  '^^^''''''  ^"""^^"^  ''^'''*  ^'  ^^®' 

secondaries  and  a  more  acuminate  tip.     It  also  ^^^^^^  carolinemis  Michaux.    Lesquereux,  in  Saffoid, 

differs  in  the  same  particulars  and  in  its  long  j.  m.,  Geology  of  Tennessee,  p.  426,  pi.  K,  fig.  10, 

petiole  from  the  existing  MespUodaphne  glauca  1869. 

of  northern  South  America.     It  is  much  Uke  Rhamnus  Eridani.    Lesquereux  (not  Unger),  U.  S.  Nat 

Oreodaphne   puryearensis    Berry   in   size    and  Mus.  Proc.,  vol.  11,  p.  25, 1888. 

length  of  petiole  but  is  a  broader,  less  acuminate  Description. — ^Leaves  medium  sized  to  large, 

leaf  and  has  a  different  venation.     There  is  a  ovate-lanceolate  in   outline.     Apex  narrowed 

fine  specimen  in  the  National  Museum  that  into  a  bluntly  pointed  acumen.     Base  equally 

was  collected  many  years  ago  in  northeastern  narrowed,   pointed.     Length  about   12   centi- 

Arkansas.     Among  foreign  fossil  species  it  is  meters.     Maximum   width,    midway   between 

closely    comparable   with    a   form   from    the  the  apex  and  the  base,  about  4  centimeters. 

Ypresian  of  the  Paris  Basin  which  was  de-  Margins    entire    and    full,    slightly    undulate, 

scribed  by  Watelet  *  as  Persea  regularis.  Petiole  short  and  stout,  tumid,  1  centimeter  or 

Occurrence. — ^Wilcox  group,  Hardys  Mill,  near  less   in   length.     Midrib   stout,   more   or  less 

Gainesville,  Greene  County,  Ark.  (collected  by  curved,  prominent  on  the  lower  surface  of  the 

J.  C.  Branner) ;  1^  miles  northeast  of  Mansfield,  leaf.     Secondaries    stout,    prominent    on    the 

De  Soto  Parish,  La.,  and  Shreveport,  Caddo  lower  surface  of  the  leaf;  7  to  10  subopposite 

Parish,  La.   (collected  by  G.  C.  Matson  and  to  alternate  pairs,  somewhat  irregularly  spaced, 

O.  B.  Hopkins);  and  one-fourth  mile  above  divei^e  from  the  midrib  at  angles  of  about  40°, 

Coushatta,  Red  River  Parish,  La.  (collected  by  curve  slightly  upward  at  first  but  more  abruptly 

G.  D.  Harris).     Lagrange  formation  (in  beds  of  toward  the  margin,  and  arch  in  a  camptodrome 

Wilcox  age),  Puryear,  Henry  Coimty,  Tenn.  manner  close  to  the  margin.     Tertiaries  thin, 

(collected  by  E.  W.  Berry).  distinct  but  not  prominent,  immersed  in  the 

CoUections, — New  York  Botanical  Garden.  leaf  substance,   percurrent  or  reticulating  t» 

Genus  NECTANDRA  Roland.  t«"°  ^^'^^  quadrangular  or  polygonal  meshes. 

Texture  coriaceous. 

Leav^  large  and  relatively  very  broad:  Poorly    preserved    specimens    of    this    well- 
Over  20  centimeters  long Nectandrasp.  ^^^j^^^          j^^  collected  by  Hilgard  were  de- 

Under  20  centimeters  long:  -i     i  i      t                             t>           7       -^  ?•         t^ 

Secondaries  remote Nectandra  glenni.  scribcd  by  Lesquereux  as  Persea  Unxnfolm.     It 

Secondaries  closer,   subparallel,   leaf  relatively  resembles    somewhat    the    associated    WilcoX 

wider Nectandra  lancifolia.  species,  Nectandra  glenni  Berry,  but  is  broader, 

"7^^              T     'iiZ'TZT.      -  ^^A  T«,*i-,  fl«.oo  «  i^e  ^1  a^  and    the    secondaries    are    more    numerous, 

1  Lesquereux,  Leo,  The  Cretaceous  and  Tertiary  floras,  p.  175,  pi.  34,  ,                  •       ii 

figs.  10, 11. 1S83.  stouter,  and  less  ascendmg.     It  is  practicallv 

/r^^ir^'l'^^ii'"*^'*""*^'"^^***'"'^'"'*"*'^  identical  with  the  existing  Nectandra  anHUana 

pi.  Oly  Ug.  4,  1900.  *=* 
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Meissner,  a  common  form  of  the  woods  and  river 
banks  throughout  the  West  Indies.  Other  West 
Indian  species  of  Nectandra  are  also  very 
similar. 

The  forms  from  Hurleys,  Miss.,  that  Les- 
quereux  referred  to  the  Arctic  Tertiary  species 
Quercus  lyeUii  Heer,  are  not  that  species,  but 
two  of  Lesquereux's  figured  specimens  are 
probably  referable  to  this  species,  although  the 
type  material  is  lost.  His  Plate  XVII,  figure  1, 
shows  a  specimen  somewhat  smaller  and 
shghtly  narrower  and  the  secondaries  are  less 
ascending,  but  the  general  form,  character  of 
the  base,  and  the  arching  of  the  secondaries 
close  to  the  slightly  imdulatiag  margia  serve  to 
identify  it  with  Nectandra  lancifolia.  The  sin- 
gle form  described  by  Lesquereux  from  Somer- 
ville,  Tenn.,  as  Lauras  carolinensis  Michaux, 
which  was  thought  to  be  of  Pleistocene  age 
and  afterward  referred  to  Quercus  lyeUii,  is 
also  not  that  species.  It  is  only  a  fragment 
and  the  specimen  is  lost,  but  it  is  probably  a 
fragment  of  Nectandra  lancifolia,  although  the 
base  is  less  sharply  pointed. 

A  specimen  of  this  species  in  the  National 
Musemn  (No.  2578)  from  Campbeirs  quarry, 
Caddo  Parish,  La.,  was  identified  by  Les- 
quereux as  Rhamnua  eridani  Unger,  from  which 
it  is  perfectly  distinct. 

Nectandra  lancifolia  is  represented  by  a 
closely  related  form  in  the  lower  Claiborne  of 
^irkansas,  which  will  be  described  as  Nectandra 
arlcansana.  It  differs  from  this  Wilcox  species 
in  its  slightly  smaller  size,  fewer  secondaries, 
and  longer  petiole. 

Nectandra  lancifolia  is  present,  according  to 
Knowlton,  in  the  lower  Eocene  flora  of  the 
Raton  coal  field  in  New  Mexico. 

Among  homotaxial  foreign  forms  it  is  closely 
comparable  to  Lauras  excellens  described  by 
Watelet*  from  the  Ypresian  of  the  Paris 
Basin. 

Occurrence. — Ackerman  formation,  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
Coxmty),  Colemans  Mill,  Choctaw  County, 
Miss,  (collected  by  E.  W.  Hilgard).  Grenada 
formation,  Grenada  County,  Miss,  (collected  by 
E.  W.  Hilgard).  Wilcox  group,  Campbell's 
quarry.  Cross  Bayou,  Caddo  Parish,  La.  (col- 
lected by  L.  C.  Johnson) ;  sec.  28,  T.  13  N.,  R.  12 
W.,  2i  miles  southwest  and  2  miles  south  of 

1  Watelet,  A.,  Description  des  plontes  fossiles  du  bassin  de  Paris,  p.  185, 
pL  52,  fig.  2, 1866. 


Naborton,  De  Soto  Parish,  La.  (collected  by 
G.  C.  Matson  and  O.  B.  Hopkins);  Old  Port 
Caddo  Landing,  Little  Cypress  Bayou,  Harri- 
son County,  Tex.  (collected  by  T.  W.  Vaughan). 
Lagrange  formation  (in  beds  of  Wilcox  age), 
Puryear,  Henry  County,  Tenn.  (collected  by 
E.  W.  Berry);  Somerville,  Fayette  County, 
Tenn.  (collected  by  J.  M.  Safford) ;  and  Baughs 
Bridge,  Wolf  River,  near  La  Grange,  Fayette 
County,  Tenn.  (collected  by  L.  C.  Johnson). 
Collections. — U.  S.  National  Museiun. 

Nectandra  glenni  Berry,  n.  sp. 

Plate  LXXXV,  figxire  1. 

Description. — Rather  large  and  symmetric 
leaves,  lanceolate  in  general  outline,  the  tips 
and  bases  about  equally  pointed.  Length 
about  16  centimeters.  Maximum  width,  which 
is  near  the  middle  of  the  leaf,  about  3.9  centi- 
meters. Margins  entire  but  slightly  undulate. 
Petiole  stout  and  exuded,  slightly  more  than  2 
centimeters  in  length.  Midrib  curved,  less 
stout  than  in  Oreodaphne  mississippiensis 
Berry;  the  vascular  bundles  of  which  it  is  com- 
posed show  as  longitudinal  striae  on  the  impres- 
sions of  the  fossil.  Secondaries  remote,  some- 
what irregularly  spaced,  opposite  to  alternate, 
camptodrome.  The  lowest  pair  are  of  smaller 
caUber  than  the  others  and  spring  from  the  top 
of  the  petiole,  forming  a  marginal  hem  along  the 
lower  lateral  leaf  margins.  The  next  pair 
diverge  from  the  midrib  at  angles  of  about  30® 
2  centimeters  above  the  base,  pursue  at  first  a 
straight  course,  and  ultimately  curve  upward 
parallel  with  the  margin,  along  which  they  arch. 
They  are  stronger  than  the  basal  pair  but  less 
stout  than  the  third  subopposite  pair,  which 
leave  the  midrib  3.5  centimeters  above  the  base 
at  angles  of  about  30°  and  sweep  upward  in 
broad,  gentle  curves,  becoming  parallel  with  the 
margins,  along  which  they  arch  for  a  long  dis- 
tance. This  is  the  stoutest  pair  of  seconda- 
ries; the  difference  in  caliber  is,  however,  sUght, 
and  were  it  not  for  the  interval  which  they  sub- 
tend would  scarcely  be  noticed.  The  interval 
to  the  next  secondaries  is  3.5  to  4  centimeters, 
and  the  remaining  four  or  five  pairs  of  alter- 
nate secondaries  branch  from  the  midrib  at 
angles  of  40®  to  45°,  passing  upward  in  regular 
subparallel  curves.  The  tertiaries  are  fine  and 
mostly  percurrent,  though  a  few  shght  varia- 
tions are  shown  near  the  right-hand  margin  of 
the  specimens  figured.     The  areolation,  only 
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distinct  with  magnification,  is  well  marked  and 
typically  lauraceous. 

This  species  is  not  especially  close  to  previ- 
ously described  species  of  either  the  North 
American  or  the  European  Tertiary.  It  resem- 
bles OreodapTiTie  mississippiensis  Berry  in  its 
general  appearance,  undulate  margins,  and 
areolation,  as  was  noted  in  the  discussion  of 
that  species,  but  it  is  a  slightly  smaller,  more 
symmetric  leaf,  and  its  specific  differences  have 
already  been  enimiorated.  It  is  also  similar 
and  of  the  same  general  type  as  Nectaridra 
lancifolia  (Lesquereux)  Berry,  but  it  is  relatively 
narrower,  and  the  secondaries  are  more  distant 
and  less  regularly  spaced. 

It  resembles  somewhat  Persea  palseomorplia, 
described  from  Gelinden  by  Saporta  and 
Marion,*  but  is  a  more  lanceolate  form,  and  its 
secondaries  are  thinner,  less  regularly  spaced, 
and  more  ascending.  It  may  be  compared 
with  numerous  Miocene  and  still  existing  spe- 
cies, without,  however,  throwing  any  fight  on 
its  relations.  Among  some  of  the  recent  forms 
with  similar  leaves  are  Goeppertia  hirsvia  Nees 
of  the  mountains  of  Bofivia,  Goeppertia  ano- 
mala  Nees  of  Brazil,  and  Oreodaphne  hlan/iJieti, 
also  of  Brazil.  The  most  similar  recent  forms 
are  Nectandra  paiens  Grisebach  and  Nedandra 
Jcrugii  Mez  of  the  West  Indies. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  IJ  miles  east  of  Grand  Jimction, 
Hardeman  County,  Tenn.  (cofiected  in  1904  by 
Prof.  L.  C.  Glenn,  for  whom  the  species  is 
named). 

Collection. — U.  S.  National  Museum. 

Nectandra  puryearensis  Berry,  n.  sp. 

Plate  CV,  fig:ure  2. 

Description. — Leaves  of  relatively  great 
length,  oblong-lanceolate  and  somewhat  falcate 
in  general  outline,  gradually  narrowed  distad 
to  the  bluntly  pointed  and  sfightly  emarginate 
tip  and  somewhat  more  abruptly  narrowed  to 
the  narrowly  cuneate  base.  Length  about  18.5 
centimeters.  Maximum  width,  midway  be- 
tween the  apex  and  the  base,  about  3.3  centi- 
meters. Margins  entire,  very  sfightly  imdu- 
late.  Texture  coriaceous.  Petiole  not  pre- 
served. Midrib  rather  stout,  becoming  thin 
distad,  very  prominent  on  the  lower  surface  of 
the  leaf.     Secondaries  relatively  thin  but  prom- 

1  Sa]>orta,  O.  de,  and  Marion,  A.  F.,  Revision  delafl(»'«heersiemied« 
Oelinden,  p.  64,  pi.  10,  fig.  1, 1878. 


inent;  about  15  mostly  alternate  pairs  diverge 
from  the  midrib  at  angles  of  about  45®,  curving 
regularly  upward,  camptodrome.  Tertiaries 
form  a  typicaUy  lauraceous  areolation,  not 
weU  shown  in  the  specimen  figured,  which 
shows  the  upper  surface  of  a  leaf  on  which  the 
areolation  is  very  faint. 

This  fine  species  is  well  differentiated  from 
the  other  Wilcox  Lauraceae,  among  which  it 
shows  resemblances  to  Oreodaphne  mississip- 
piensis  Berry,  a  form,  however,  that  is  rela- 
tively wider  and  less  elongated,  somewhat 
narrowed  distad  and  that  has  a  wider  midrib 
and  fewer  more  ascending  secondaries.  Nec- 
tandra puryearensis  has  somewhat  the  propor- 
tions of  MespUodaphne  eolignitica  (Holfick) 
Berry,  but  that  form  is  somewhat  smaller  and 
more  coarsely  veined  and  the  secondaries  are 
wider  spaced  and  more  curved.  Compared 
with  the  other  Wilcox  species  of  Nectandra,  it 
is  much  larger  and  more  oblong  than  either 
Nectandra  pseudocoriacea  Berry  or  Nectandra 
lowii  Berry.  It  is  narrower  and  much  more 
elongated  than  the  broad-leafed  acuminate 
Nectandra  glenni  Berry  or  Nectandra  lancifolia 
(Lesquereux)  Berry,  which  have  thinner,  more 
numerous,  and  less  ascending  secondaries.  It 
shows  some  similarity  to  Lauras  ocoteoides 
Lesquereux,'  a  rare  species  of  the  Denver  for- 
mation of  Colorado,  and  greatly  resembles 
several  European  Tertiary  forms  referred  to 
Laurus.  It  may  be  matched  by  material  of 
the  existing  South  American  forms  of  Oreo- 
daphne,  Mespilodaphne,  and  Nectandra. 

Occurrence. — ^Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry) .  Wilcox  group,  2i 
miles  southeast  and  2  miles  south  of  Naborton, 
De  Soto  Parish,  La.  (collected  by  O.  B.  Hop- 
kins). 

Collection. — ^U.  S.  National  Museum. 

Nectandra  lowii  Berry,  n.  sp. 

Plate  LXXXVIII,  figures  4  and  5. 

Description. — ^Leaves  medium  sized,  lanceo- 
late in  general  outline.  Length  about  10  cen- 
timeters. Maximum  width,  about  halfway 
between  the  apex  and  the  base,  about  2  centi- 
meters. Apex  narrowed,  acuminate.  Base 
almost  equally  narrowed  and  acuminate,  the 
basal  margins  being  slightly  fuller  than  the 

s  Lesquereux,  Leo,  The  Tertiary  flora,  p.  215^  pL  36,  flg.  10, 1S7& 
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apical  margins.  Petiole  stout,  not  preserved 
for  its  entire  length.  Midrib  stout.  Second- 
aries thin,  numerous,  alternate,  subparallel, 
unequally  spaced,  diverging  from  the  midrib 
at  angles  of  45°  to  50°,  curving  regularly  up- 
ward, camptodrome  in  the  marginal  region. 
Tertiaries  obsolete.  Margins  entire.  Texture 
coriaceous. 

This  species  may  be  compared  with  a  large 
number  of  existing  species  of  Nectandra  and 
Ocotea  and  with  a  number  of  Tertiary  species 
of  Laurus,  so  called.  Among  Wilcox  forms  it 
is  similar  to  the  common  Nectandra  psevdo- 
coriacea  Berry  but  is  relatively  wider  and  has  a 
less  acuminate  apex  and  base  and  fewer  sec- 
ondaries. It  is  named  for  Dr.  E.  N.  Lowe, 
State  geologist  of  Mississippi,  who  in  company 
with  the  writer  collected  it  at  the  fine  plant 
locality  in  the  town  of  Oxford. 

Occurrence. — HoDy  Springs  sand,  ravine  at 
Oxford,  Lafayette  Coimty,  Miss.  (coDected  by 
E.  W.  Berry),  Wilcox  group,  4  miles  south- 
west of  BoydsviQe,  Clay  County,  Ark.  (col- 
lected by  E.  W.  Berry) ;  and  1^  miles  north- 
east of  Mansfield, De  Soto  Parish,  La.  (collected 
by  O.  B.  Hopkins).  Lagrange  formation  (in 
beds  of  Wilcox  age),  Baughs  Bridge,  Wolf 
River,  near  La  Grange,  Fayette  County,  Tenn. 
(a  doubtfully  determined  specimen  collected  by 
L.  C.  Johnson  in  1889). 

Collections. — U.  S.  National  Museum. 

Nectandra  pseudocoriacea  Berry,  n.  sp. 

Plates  LXXXVII,  figure  2,  and  LXXXVIII,  figures  1-3. 

Laurus  primigenia  Unger.  Hollick  (in  part),  in  Harris, 
G.  D.,  and  Veatch,  A.  C,  A  preliminary  report  on 
the  geology  of  Louisiana,  p.  284,  pi.  41,  fig.  2  (not 
fig.  1),  1899. 

Description, — ^Leaves  narrowly  lanceolate, 
generally  falcate  in  outline,  some  of  them 
slightly  inequilateral  at  the  base.  Length  7.5 
to  10  centimeters.  Maximum  width,  midway 
between  the  apex  and  the  base,  1  to  2  centi- 
meters, averaging  about  1.6  centimeters.  Apex 
narrowed  and  extended  as  a  slender,  sharply 
pointed  acumen.  Base  narrowed  and  descend- 
ing to  match  the  apex.  Margins  entire.  Tex- 
ture very  coriaceous.  Petiole  relatively  very 
stout,  generally  curved,  averaging  about  1  cen- 
timeter or  sUghtly  more  in  length.  Midrib 
stout,  as  a  rule  more  or  less  curved,  and  in  a 
few  specimens  somewhat  flexuous.  Seconda- 
ries  numerous,   thin,    subparallel,    immersed. 


diverging  from  the  midrib  at  wide  angles,  in 
some  specimens  irregularly  spaced,  campto- 
drome close  to  the  margin.  Tertiaries  usually 
obsolete,  typically  lauraceous  in  one  transpar- 
ent specimen  that  I  was  able  to  wash  out  of  the 
clays  near  Grand  Junction,  Tenn. 

This  narrowly  lanceolate  and  commonly  fal- 
cate form  is  common  at  many  of  the  .'VVilcox 
locahties  both  east  and  west  of  Mississippi 
River.  It  is  a  characteristic  form,  readily 
recognized  by  its  coriaceous  texture,  its  numer- 
ous fine  secondaries,  slender  apex  and  base, 
the  apex  commonly  produced  as  a  typical 
"dripping  point."  It  is  clearly  distinct  from 
previously  described  species  but  is  very  close 
to  some  of  the  Tertiary  leaves  of  both  America 
and  Europe  that  have  been  referred  to  the 
protean  species  Laurus  primigenia  Unger. 

Among  Recent  lauraceous  trees  it  is  very 
similar  to  the  narrow  leaves  of  the  closely 
allied  or  mutually  identical  forms  from  the 
American  Tropics  and  subtropics  variously  de- 
scribed as  Persea  cateshyana  Chapman,  Nec- 
tandra coriacea  (Swartz)  Grisebach,  and  Ocotea 
cateshyana  Sargent.  These  are  found  in  abun- 
dance on  the  shores  and  islands  of  peninsular 
Florida  south  of  Capes  Romano  and  Canaveral, 
in  the  Bahamas,  and  on  some  of  the  West 
Indian  islands. 

The  slender  falcate  specimen  from  Oxford, 
Miss.,  shovm  in  Plate  LXXXVIII,  figure  1,  is 
marred  by  a  large  circular  group  of  gypsum 
crystals. 

Occurrence. — ^Ackerman  formation.  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
Coimty),  Miss.  (coDected  by  E.  W.  Hilgard). 
Grenada  formation,  Grenada,  Grenada  County, 
Miss,  (collected  by  E.  N.  Lowe  and  E.  W. 
Berry).  Holly  Springs  sand,  ravine  near  Ox- 
ford, Lafayette  County,  Miss,  (collected  by 
E.  W.  Berry);  also  near  HoDy  Springs,  Mar- 
shall County,  MLss.  (coDected  by  E.  W.  Berry) ; 
Vaughans,  near  Lamar,  Benton  County,  Miss. 
(coDected  by  L.  C.  Johnson).  WDcox  group, 
one-fourth  mile  above  Coushatta,  Red  River 
Parish,  La.  (coDected  by  A.  C.  Veatch) ;  sec.  28, 
T.  13  N.,  R.  12  W.;  sec.  11,  T.  12  N.,  R.  12  W.; 
3  miles  east,  1^  and  5  nnles  southeast,  and  2 
nnles  south  of  Naborton,  De  Soto  Parish,  La. 
(coDected  by  G.  C.  Matson,  L.  C.  Chapman, 
and  O.  B.  Hopkins);  4  miles  southwest  of 
BoydsviDe,  Clay  County,  Ark.  (collected  by 
E.  W.  Berry) ;  and  Benton,  Saline  County,  Ark. 
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(collected  by  K.  E.  Call) .  Also  in  the  Lagrange 
formation  (in  beds  of  Wilcox  age):  Puryear, 
Henry  County,  Tenn.  (collected  by  E.  W. 
Beny);  l{  miles  east  of  Grand  Jimction, 
Hardeman  County,  Tenn.  (collected  by  L.  C. 
Glenn) ;  and  Baughs  Bridge,  Wolf  River,  near 
La  Grange,  Fayette  County,  Tenn.  (collected 
by  L.  C.  Johnson). 

Collections. — U.  S.  National  Museimi,"  New 
York  Botanical  Garden. 

Nectandra  sp. 

Plate  CX,  figure  3. 

Description. — Leaves  very  large,  ovate-lance- 
olate in  outhne,  the  aciunen  gradually  nar- 
rowed and  greatly  extended.  Margins  entire. 
Texture  subcoriaceous.  Estimated  length 
about  25  centimeters.  Maximimi  width  about 
7  centimeters.  Midrib  stout  and  prominent 
on  the  lower  siuf ace  of  the  leaf.  Secondaries 
stout,  prominent,  numerous,  distant,  opposite 
to  alternate,  ascending,  camptodrome.  They 
diverge  from  the  midrib  at  diflFerent  angles, 
acute  below,  more  open  above,  and  curve 
upward,  regularly  below,  more  abruptly  above, 
imtil  they  become  subparallel  with  the  lateral 
margins.     Tertiaries  obsolete. 

This  extremely  large  and  handsome  form  is 
imfortimately  represented  by  fragments,  the 
most  complete  of  which  is  figured.  Since  no 
complete  specimens  have  been  foimd,  I  have 
not  proposed  a  specific  name  for  this  form, 
although  it  appears  to  be  entirely  distinct  from 
previously  described  forms.  It  is  not  abun- 
dant but  appears  to  have  had  a  considerable 
distribution. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry).  Wilcox  group, 
sec.  28,  T.  13  N.,  R.  12  W.,  De  Soto  Parish,  La. 
(collected  by  G.  C.  Matson) ;  Old  Port  Caddo 
Landing,  Little  Cypress  Bayou,  Harrison 
County,  Tex.  (collected  by  T.  W.  Vaughan). 

Collections. — U.  S.  National  Museum. 

Genus  CRYPTOCARYA  R.  Brown. 

Cryptocarya  EOLiGNmcA  Hollick. 

Plate  LXXXVIII,  figure  6. 

Cryptocarya  eoligniiica.  Hollick,  in  Harris,  G.  D.,  and 
Veatch,  A.  C,  A  preliminary  report  on  the  geology 
of  Louisiana,  p.  283,  pi.  42,  fig.  1,  1899. 

Description. — Leaves  oblong-ovate  and 
shghtly  inequilateral  in  general  outUne,  taper- 


ing rather  abruptly  to  the  shortly  pointed 
apex,  broadly  rounded  and  slightly  decurrent 
at  the  base.  Length  about  13  centimeters. 
Maximum  width  at  or  below  the  middle  about 
4.6  centimeters.  Margins  full,  entire,  slightly 
imdulate.  Texture  coriaceous.  Petiole  stout, 
about  1.5  centimeters  in  length,  slightly  ciu^ed. 
Midrib  stout,  somewhat  flexuous.  A  single 
lateral  primary  diverges  from  the  midrib  on  ' 
each  side  about  1  centimeter  above  the  base 
at  a  wide  angle,  curves  abruptly  upward  and 
then  slightly  outward,  somewhat  flexuous, 
arching  from  the  ends  of  straight  lateral 
branches  of  the  lowermost  secondaries  dose 
to  the  margins  at  or  slightly  above  the  median 
region  of  the  leaf.  The  laterals  are  thinner 
than  the  midrib  and  subopposite.  Seconda- 
ries, three  or  fom*  distinct  subopposite  or 
alternate  pairs,  in  the  upper  half  of  the  leaf, 
diverging  at  a  wide  angle  and  strongly  curved, 
camptodrome.  Tertiaries  thin,  mostly  per- 
cmrent  except  for  a  series  of  straight-sided  flat- 
arched  loops  from  the  outer  sides  of  the  lateral 
primaries,  from  which  they  diverge  at  a  wide 
angle  of  almost  90°,  the  arches  approximately 
parallel  with  the  leaf  margins. 

This  clearly  distinct  species  is  represented 
by  the  fine  and  nearly  complete  leaf  figiu'ed  by 
Holhck,  and  unf ortimately  no  additional  mate- 
rial has  been  foimd.  It  is  clearly  a  member  of 
the  LauraceaB  and  very  Jikely  of  the  subfamily 
Lauroideae  (tribe  Cryptocaryeae),  although  it 
resembles  in  a  general  way  some  species  of 
Cinnamomum,  Oreodaphne,  Nectandra,  and 
the  Uke,  of  the  subfamily  Persoideae. 

In  a  note  appended  to  his  paper  on  the  plants 
from  Louisiana  HoUick  calls  attention  to  cer- 
tain Chilean  species  described  by  Engelhardt 
from  the  South  American  Tertiary  as  Goep- 
pertia/  particularly  Goeppertia  spectahilis,  with 
which  he  is  disposed  t<)  identify  the  leaf  from 
Coushatta.  I  have  compared  the  two  forms 
carefully  and  also  compared  them  with  the 
material  representing  Goeppertia  in  the  her- 
barimn  of  the  New  York  Botanical  Garden.  I 
do  not  think  the  form  from  Louisiana  is  iden- 
tical with  that  from  Chile.  Cryptocarya  R. 
Brown  comprises  only  10  South  American 
species,  the  30  additional  forms  being  widely 
distributed  in  southeastern  Asia,  Africa,  Oce- 
anica,  and  Australia.     The  genus  Aydendron, 

H'^ngelbardt,  Ho-inanii,  Senckenbei^che  naturf.  Gesell.  Abh.,  Bd. 
16,  p.  652,  pi.  3,  ftps.  4,  S,  9b:  pi.  4,  fig.  9;  pi.  5,  flg.  4,  1891. 
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on  the  other  hand,  to  which  Engler  and  Prantl 
refer  the  genus  Goeppertia  Nees  as  a  subgenus, 
contains  more  than  50  exclusively  American 
species.  This  is  the  only  basis  for  changing 
the  generic  reference  from  Cryptocarya  to 
Goeppertia,  and  in  the  absence  of  more  definite 
similarities  to  one  rather  than  to  the  other  I 
prefer  to  leave  the  species  in  the  genus  Cryp- 
tocarya, where  it  was  placed  by  its  original 
describer. 

Occurrence. — Wilcox  group,  one-fourth  of  a 
mile  above  Coushatta,  Red  River  Parish,  La. 
(collected  by  G.  D.  Harris). 

Collection. — New  York  Botanical  Garden. 

Genus  LAUROPHYLLUM  GtfpperL 

Laurophyllum  jtjvenalis  Berry,  n.  sp. 

Plate  LXXXVI,  figure  4. 

Description. — Small  leaf,  oblong-lanceolate 
in  outline,  3  cubic  centimeters  in  length  and  7.5 
millimeters  in  maximum  width,  the  apex 
blimtly  pointed  and  the  base  gradually  nar- 
rowed, decurring  to  the  point  of  attachment. 
Margins  entire,  irregularly  curved.  Texture 
subcoriaceous.  Midrib  stout  and  curved.  Lat- 
eral primaries  diverge  at  a  very  acute  angle. 
Upper  secondaries,  one  or  two  pairs,  campto- 
drome. 

A  single  specimen  of  this  form  is  found  in  the 
wonderfully  rich  collections  from  Puryear,  and 
it  is  almost  certainly  a  juvenile  leaf  of  one  of  the 
other  Wilcox  species  of  Lauracese  described 
from  mature  leaves.  As  it  is  impossible  to  de- 
termine which  one  it  is  given  the  distinctive 
name  of  juvenalis,  which  also  indicates  its  ju- 
venile character.  The  small  size,  unformed 
character  of  the  venation,  decurrent  base,  and 
undeveloped  petiole  are  all  characters  of  young 
leaves,  and  the  diagnosis  is  further  emphasized 
by  the  rarity  of  the  form,  since  young  leaves  are 
much  less  likely  to  become  detached  and  pre- 
served than  mature  leaves.  It  is  almost  iden- 
tical with  the  young  leaves  of  all  the  existing 
species  of  Lauraceae  with  which  it  has  been 
compared,  especially  Cimmmomum  camphora 
Nees  and  Ebermaicr,  and  Cinnamomum  bur- 
manni  Blume.  None  of  the  described  Wilcox 
species  of  Cinnamomum,  however,  afford  any 
close  comparisons  with  the  present  fossil,  and 
there  is  the  further  possibility  that  it  may  rep- 
resent a  juvenile  leaf  of  Oreodaphne  obtusifolia 
Berry,  which  is  so  common  in  the  deposits  of 


Wilcox  age  at  Puryear.  It  is  therefore  referred 
to  the  form  genus  Laurophyllum. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Laukophyllum  florum  Berry,  n.  sp. 

Plate  LXXXVI,  figure  6. 

Description. — Species  based  on  an  apetalous 
pedimculate  flower  of  small  size  with  a  calyx  of 
four,  five,  or  six  ovate,  bluntly  pointed  sepals. 
Peduncle  stout  and  curved,  about  5.5  millime- 
ters in  length.  Sepals  about  3  milUmeters  in 
length  and  2  millimeters  in  maximum  width. 
Calyx  3.5  millimeters  high  and  5  millimeters  in 
'diameter.  Essential  organs  present  but  not 
well  enough  preserved  to  be  characterized. 

This  form  is  based  on  a  single  specimen  and 
its  coimterpart,  too  poorly  preserved  to  permit 
generic  determination  but  obviously  the  flower 
of  some  genus  of  the  Lauraceae  and  very  similar 
to  the  flowers  of  the  existing  species  of  Cinna- 
momum. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  1^  miles  west  of  Grand  Jimction, 
Fayette  County,  Tenn.  (collected  by  E.  W. 
Berry). 

Collection. — U.  S.  National  Museum. 

Laurophylluih  preflorum  Berry,  n.  sp. 

Plate  LXXXVI,  figure  5. 

Description. — Species  based  on  a  small  flower 
bud  which  is  almost  certainly  referable  to  the 
Lauraceae  and  very  similar  to  remains  often  re- 
ferred to  the  genus  Cinnamomum.  The  speci- 
men, well  shown  in  Plate  LXXXVI,  figure  5, 
has  a  slender  curved  peduncle  about  3  millime- 
ters in  length,  thickening  distad,  surmounted 
by  an  unopened  perianth,  which  is  spherical  in 
form  and  2.5  millimeters  in  diameter.  It  is  cer- 
tainly very  similar  to  the  unopened  buds  of  the 
existing  species  of  Cinnamomum,  but  as  so 
many  Lauraceae  have  flower  buds  that  are  prac- 
tically indistinguishable  it  is  referred  to  the 
form  genus  Laurophyllum.  Unless  it  is  abor- 
tive it  represents  a  different  species  from  the 
flower  described  as  Laurophyllum  Jlorum  Berry. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  1^  miles  west  of  Grand  Junction, 
in  Fayette  County,  Tenn.  (collected  by  E.  W. 
Berry). 

Collection. — V.  S.  National  Museum. 
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Genus  LAURINOXYLON  FeUx. 

Laurinoxylon  branneri  Knowltoii. 

Plate  XVI,  figuree  fr-lO. 

Laurinoiylan  branneri.    Knowlton,  Arkansas  Geol.  Sur- 
vey Ann.  Kept,  for  1889,  vol.  2,  p.  256,  pi.  9,  figs. 
8,  9;  pi.  10,  figB.  1,  2;  pi.  11,  fig.  4,  1891. 
Penhallow,  Roy.  Soc.  Canada  Trans.,  3d  ser.,  vol.  1, 
p.  98,  figs.  6-8,  1908. 

Description, — Knowlton's   description,   pub- 
lished in  1891,  is  as  follows: 

The  annual  ring  can  not  be  clearly  distinguished, 
although  there  are  slight  evidences  of  its  having  been 
present.  The  wood  cells  are  thick  walle<l  and  ortlinarily 
arranged  in  radial  rows.  The  vessels  are  placed  singly  or 
arranged  in  radial  rows  of  from  1  to  3  or  rarely  4.  Tliey 
are  usually  separated  by  the  medullary  rays,  although  in 
one  exceptional  instance  a  row  of  three  vessels  was  in  * 
immediate  contact  with  another  row  of  four.  \Mien  single 
they  are  oval  in  shape;  when  more  than  one,  each  is  modi- 
fied by  pressure.  The  medullary  rays  as  seen  in  this  sec- 
tion are  numerous;  two  cells  ])road  and  usually  l)ut  little 
curved  in  their  course. 

On  account  of  the  poor  state  of  preaervation  it  is  difficult 
to  make  out  the  exact  shape  of  the  wood  cells  as  seen  in 
this  section.  Some  of  them  have  been  rather  short  with 
square  ends,  but  probably  the  larger  number  haie  had 
pointed  ends.  The  medullar\'  rays  are  in  vertical  plates 
of  six  to  thirty  or  more  rather  long  cells,  and  so  far  as  can 
be  determined  were  not  provided  with  pits  or  markings. 
The  large  vessels  are,  ot  course,  very  prominent  in  this 
section.  They  are  long,  rather  th  ick  walled ,  and  provided 
with  numerous  elliptical  or  nearly  circular  bordered  pita. 

This  section,  from  another  portion  of  the  same  specimen, 
shows  the  woo<l  cells  clearly.  Some  have  square  and 
others  pointed  extremities.  The  medullar>'  rays  are 
always  arranged  in  two  vertical  series  of  from  6  to  30  or 
more  cells.    They  are  ver>'  numerous.    *    *    * 

The  large  vessels  are  provided  with  net-form  thickening 
over  the  entire  surface.  It  seems  hardly  probable  that 
the  vessels  have  been  provided  with  circular-l)ordered 
pits  on  one  wall  and  with  net-form  thickenings  on  the 
other,  since  there  can  be  no  sat4fefactory  explanation  of 
transition  from  one  to  the  other  in  the  same  vessel,  but 
the  fact  remains  that  in  all  the  instances  in  which  it  has 
been  possible  to  make  out  the  nature  of  the  thickening  on 
the  walls,  the  circular  i)its  are  always  confined  to  the 
radial  walls  and  the  net-form  thickenings  to  the  tangential 
walls.* 

This  species  was  based  on  silicified  specimens 
from  two  different  horizons  and  probably  rep- 
resented by  poorly  preserved  lignitized  material 
from  which  sections  were  cut.  The  exact  age 
of  these  horizons  can  only  be  approximately 
determined.  The  beds  in  Poinsett  County  may 
lie  near  the  top  of  the  Wilcox,  since  recent 
collections  from  this  or  a  near-bv  locaUtv  on 
BoUvar  Creek  contain  five  Wilcox  species   of 

1  Sec  footnote  3,  p.  174. 


leaves,  which  were,  however,  in  place,  whereas 
the  wood  was  reworked  in  the  top  of  the  section 
and  may  be  of  Claiborne  age.  It  is  included  in 
the  Wilcox  flora  with  a  great  deal  of  doubt. 

The  second  locality  is  in  St.  Francis  County 
and  is  at  the  top  of  the  Yegua  (''Cockfield") 
formation  or  probably  at  the  base  of  the  Jack- 
son formation.  It  has  been  reported  by  Pen- 
hallow  from  the  Claiborne  of  Texas.  The 
species  is  unique  in  having  been  the  first  ana- 
tomical dicotyledonous  species  described  from 
the  United  States.  It  was  compared  by 
Knowlton  with  Laurus  hiaeriata^  described  by 
Caspary  *  from  the  Tertiary  of  Russia. 

Occurrence, — Wilcox(?)  group,  Bolivar  Creek, 
near  Ilarrisburg,  Poinsett  County,  Ark.  (col- 
lected  by  R.  E.  Call). 

Collection. — U.  S.  National  Museum. 

Order  MYBTAUES. 

Family  MY&TACEiB. 

Genus  MYRCIA  De  CandoDe. 

Leaves  elongated,  linear-lanceolate: 

With  obtusely  pointed  tip Myrcia  bentonerms. 

Small,  falcate,  and  acuminate Myrcia  grenadtnm. 

Leaves  small,  obovate Myrcia  pannfolia. 

Leaves  ovate,  acuminate Myrcia  puryearensii. 

Leaves  lanceolate: 

Falcate,  acuminate,  marginal  vein  an  appreciable 
distance  from  the  margin Myrcia  vera. 

Broader,  equally  pointed  at  both  ends,  marginal  vein 
close  to  the  margin Myrcia  vorthcni. 

Myrcia  vera  Berry,  n.  sp. 

Plate  XC,  figure  3. 

Description. — Small,  narrow  falcate  leaves, 
lanceolate  in  outline,  the  base  pointed  and  the 
tip  elongated  and  gradually  narrowed,  acumi- 
nate.    Length  5  to  7  centimeters.     Maximum 
width,  in  basal  half  of  the  leaf,  1  centimeter  to 
1.6  centimeters.     Margins  entire,  full  and  regu- 
larly curved.     Petiole  short.     Midrib  curved, 
stout  proximad,   slender  distad.     SeconAwies 
nearly  regularly  spaced,  at  intervals  of  2    to  4 
millimeters,  diverging  from  the  midrib  at   wide 
angles   but   slightly   curved   upward   in     their 
outward    course,    joining    a    strong    marginal 
vein  that  forms  a  hem  along  the  margin  »nd  1 
millimeter  from  it  in  the  proximal  part  of  the 
leaf,  becoming  closer  in  the  tip;  the  marginal 
veins  diverge  from  the  midrib  at  acute  angles 

« Caspary,  R.,  Geol.  Specialkarte  von  Preussen  und  den  Thiiruvischffl 
Staoten  Abh.,  Bd.  9,  Heft  2,  pp.  54-60,  pi.  10,  figs.  10-17,  pi.  11,  fi«s.  l-<5. 
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at  its  extreme  base  and  run  parallel  with  the 
respective  margins  to  the  extreme  tip  of  the 
leaf,  one  in  each  limb.  The  leaves  are  stiff 
and  coriaceous. 

This  species  is  of  a  type  usually  referred  by 
paleobotanists  to  the  allied  genus  Eucalyptus 
or  Myrtus,   to  which  so  many  fossil  species 
from  the  Upper  Cretaceous  to  the  present  have 
been  placed,  and  it  is  not  very  different  from 
the  widespread  Eucalyptus  oceanica  Unger  of 
the  European  Tertiary.     I  have  compared  it 
with  all  the  existing  genera  of  Myrtaceae  and 
have  come  to  the  conclusion  that  it  is  indu- 
bitably a  species  of  Myrcia.     Among  the  exist- 
ing species  it  is  close  to   Myrcia  rostrata  De 
Candolle  and  Myrcia  acutata  Berg,  both  species 
of  tropical  Brazil.     Among  fossil  species,  of 
which  only  one  or  two  have  been  referred  to 
this  genus,  it  is  almost  identical  with  Myrcia 
lancifolia  Friedrich,*  described  from  the  Oligo- 
cene  of  Saxony  (Eisleben),  which  has  the  same 
form  and  venation  but  is  slightly  smaller  and 
has    somewhat    more    numerous    secondaries. 
The  genus  Myrcia  is  considered  to  comprise 
more  than  400  existing  species,  and  though  this 
number  is  probably  too  large  it  remains  one  of 
the  most  unportant  genera  of  the  American 
Myrtaceae.     It  ranges  from  the  West  Indies 
and  Mexico  to  Uruguay  and  Chile,  and  most  of 
the  species  are  f  oimd  in  tropical  South  America. 

Occurrence. — Holly  Springs  sand,  gully  at 
Oxford,  Lafayette  County,  Miss,  (collected  by 
E.  W.  Berry).  Lagrange  formation  (in  the 
beds  of  Wilcox  age),  Puryear,  Henry  County, 
Tenn.  (collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Myrcia  worthenii  (Lesquereux). 

Plate  XC,  figures  2  and  10. 

Saliz  Worthenii.    Lesquereux,  Am.  Philos.  Soc.  Trans., 
vol.  13,  p.  414,  pi.  15,  fig.  7,  1869. 

Description. — Small  leaves,  lanceolate  in 
general  outline.  Length  about  5  or  6  centi- 
meters. Maximum  width,  in  the  middle  part 
of  the  leaf,  about  1.25  centimeters.  Apex  and 
base  regularly,  sharply,  and  about  equally 
pointed.  Margins  entire.  Texture  subcoriace- 
ous.  Petiole  short  and  rather  stout,  about  3 
millimeters  in  length.  Midrib  stout,  somewhat 
flexuous.     Secondaries   thin,    very   numerous, 

1  Friedrich,  Paul,  Beitrage  zur  Kcnntniss  der  Tertiiirflora  der  Provinz 
Sachsen,  p.  205,  pi.  25,  fig.  16, 1883. 


subparallel.  They  diverge  from  the  midrib  at 
approximately  regular  intervals  of  1.5  to  2 
millimeters,  at  angles  of  about  50°  to  55°,  curv- 
ing but  slightly  to  the  marginal  region,  where 
their  tips  are  joined  by  an  aerodrome  vein  on 
either  side,  close  to  and  parallel  with  the  margin. 
This  aerodrome  vein  may  be  somewhat  arched, 
giving  the  secondaries  a  pseudocamptodrome 
appearance. 

This  species  was  described  as  a  Salix  by 
Lesquereux  from  material  collected  in  southern 
Illinois  and  western  Tennessee.  Although  the 
type  material  is  lost,  there  is  little  doubt  that 
the  specimens  from  Tennessee  referred  to  this 
species  are  identical  with  the  material  now 
under  consideration.  They  show  no  charac- 
ters that  serve  to  suggest  the  genus  Salix, 
which  would  be  a  most  anomalous  element  if 
found  in  the  Wilcox  flora.  The  secondaries 
are  numerous,  relatively  straight,  and  united 
by  marginal  veins  as  in  the  Myrtaceae  and  sug- 
gest a  close  relationship  with  the  other  species 
of  Myrcia  foimd  in  this  flora. 

The  specific  name  is  given  in  honor  of  the 
late  Prof.  A.  H.  Worthen,  the  eminent  State 
geologist  of  Illinois  at  the  time  Lesquereux 
wrote. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age):  Mound  City,  Pulaski  County,  111. 
(collected  by  A.  H.  Worthen);  La  Grange, 
Fayette  County,  Tenn.  (collected  by  J.  M. 
SafTord);  and  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Myrcia  parvifolia  Berry,  n.  sp. 

Plate  XC,  figure  1. 

Description. — Leaves  small,  obovate  in  out- 
line, the  apex  rounded  or  bluntly  pointed  and 
the  base  narrowed  and  pointed.  Length  about 
3  centimeters.  Maximum  width,  at  or  above 
the  middle,  about  1  centimeter.  Margins  very 
entire.  Texture  coriaceous.  Petiole  short  and 
stout,  tumid  proximad,  about  2.5  millimeters  in 
length.  Midrib  stout,  slightly  curved.  Second- 
aries relatively  stout,  numerous,  parallel ;  about 
15  suboppositc  to  alternate  pairs  diverge  from 
the  midrib  at  approximately  uniform  inter- 
vals of  about  2  millimeters ;  they  pursue  a  nearly 
straight  course  to  the  margins,  where  their  tips 
are  joined  by  an  aerodrome  marginal  vein  on 
each  side,  parallel  with  and  very  close  to  the 
maighi,  from  which  it  can  only  with  difficulty 
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be  distinguished ;  easily  seen  with  magnification ; 
angles  of  divergence  of  the  seconrlaries  open, 
about  50®  to  55®.  Tertiaries  immersed  in  the 
thick  leaf  substance. 

This  coriaceous  little  leaf  by  its  size,  texture, 
and  especially  its  venation  is  referable  to  the 
genus  Myrcia.  It  is  markedly  different  from 
the  larger  lanceolate-acuminate  Myrcia  vera 
Berry  from  the  deposits  of  Wilcox  age  at  Pur- 
year  or  from  the  linear-lanceolate  Myrcia  hen- 
tonensis  Berrv  from  the  Wilcox  of  Arkansas. 
It  somewhat  resembles  a  form  from  the  Ter- 
tiary of  Ecuador  described  by  Engelhardt* 
as  Pterogyne  oblongifolia,  European  Tertiary 
forms  of  this  type  are  often  referred  to  the 
oriental  myrtaceous  genus  Metrosideros  R. 
Brown. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — ^U.  S.  National  Museum. 

Myrcia  grenadensis  Berry,  n.  sp. 

Plate  XCI,  figure  3. 

Description., — Leaves  small,  narrowly  elon- 
gate-lanceolate, somewhat  inequilateral  and 
falcate  in  general  outline,  wdest  near  the  mid- 
dle and  gradually  narrowing  to  the  equally  ex- 
tended and  acuminate  apex  and  base,  both  of 
which  are  somewhat  inequilateral.  Length 
about  4  centimeters.  Maximum  width  about 
4.5  millimeters.  Margins  strict  and  entire. 
Texture  coriaceous.  No  petiole  is  differenti- 
ated, as  the  gradually  narrowing  margins  ex- 
tend to  the  point  of  attachment  of  the  leaf  as 
petiolar  wings.  Midrib  very  stout  through- 
out its  length,  curved,  relatively  prominent  on 
the  lower  surface  of  the  leaf,  longitudinally 
striated.  Secondaries  thin,  largely  immersed 
in  the  substance  of  the  leaf;  numerous  thin 
pairs  diverge  from  the  midrib  at  angles  of 
about  65°  at  intei*vals  of  1  to  2  millimeters; 
they  pursue  a  nearly  straight  course  to  the 
aerodrome  vein  which  closely  parallels  each 
margin. 

This  species  is  readily  separable  from  the 
other  Wilcox  species  that  have  been  referred 
to  this  genus  by  its  narrow  and  elongate- 
lanceolate  form  and  its  acuminate  apex  and 
base.     Among  these  species  it  is  most  similar 

»  Enpelhardt,  Hermann.  Scnckeiibergischo  naturf.  Oesell.  Abh.,  vol 
19,  p.  2,  pi.  2,  figs.  21,  22,  1S95. 


to  Myrda  vera  Berry  but  differs  in  its  relatively 
narrower,  more  elongate  form  and  its  narrower 
more  extended  base.  Its  secondaries  are  less 
numerous  than  those  of  the  smaller  leaves  of 
Myrcia  henionensis  Berry  and  in  addition  it 
differs  in  having  an  acuminate  tip  instead  of 
an  obtuse  tip.  Among  previously  described 
species  in  other  genera  the  species  under  dis- 
cussion is  almost  identical  in  size  and  outline 
with  Eugenia  densinervia  (Lesquereux)  Berry, 
which  comes  from  the  upper  part  of  the  beds 
of  Wilcox  age  at  Somerville,  Tenn.  In  well- 
preserved  material  there  is  no  danger  of  con- 
fusing the  two,  as  the  venation  is  very  different, 
Eugenia  densinervia  having  anastomosing  veins 
and  lacking  the  marginal  veins.  A  number  of 
existing  species  of  Myrcia  have  leaves  very 
similar  to  those  of  this  fossil  species. 

Occurrence, — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Myrcia  puryearensis  Berry,  n.  sp. 

Plate  XCI,  figures  1  and  2. 

Description, — Leaves  relatively  short,  ovate 
in  outline,  the  tip  narrowed  and  acuminate  and 
the  base  abruptly  pointed.  Length  about 
4.5  centimeters.  Maximum  width,  at  or  below 
the  middle,  about  1.7  centimeters.  Margins 
entire.  Texture  subcoriaceous.  Petiole  stout, 
tumid  proximad,  about  4.5  millimeters  in 
length.  Midrib  stout,  prominent,  curved.  Sec- 
ondaries thin,  numerous,  subparallel,  more  or 
less  immersed  in  the  leaf  substance;  they  di- 
verge from  the  midrib  at  angles  of  about  65°  at 
intervals  of  about  1.5  millimeters,  running 
with  but  slight  or  no  curvature,  some  of  them 
forked,  ending  in  a  marginal  vein  which  runs 
along  the  extreme  margin  of  the  leaf.  Tertiaries 
mostly  immersed,  straight,  joining  the  sec- 
ondaries at  very  acute  angles. 

This  characteristic  species  is  sparingly  repre- 
sented in  the  collections.  As  far  as  Imown  the 
leaves  are  invariably  inequilateral,  one  side  of 
the  lamina  being  distinctly  wider  and  fuller 
than  the  opposite  side.  Among  the  other 
Wilcox  species  of  Myrcia  it  is  somewhat  larger 
and  much  wider  than  Myrcia  parvifolia  Berry 
or  Myrcia  worthenii  (Lesquereux)  Berry.  It  is 
much  shorter  and  wider  than  the  lanceolate- 
leafed    Myrcia   vera   Berry   or   the   elongated 
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linear-leafed  Myrda  hentonensis  Berry.  It  is 
very  close  to  a  number  of  existing  species  of 
Myrcia  and  may  be  compared  with  the  leaves  of 
Myrda  rostrata  De  CandoDe.  With  the  excep- 
tion of  the  produced  acumen  of  the  modem 
species  the  fossil  is  closely  comparable  with 
the  tropical  American  Myrcia  terehinthacea 
Popp,  figures  of  the  leaves  of  which  are  given 
by  Ettingshausen.*  It  also  greatly  resembles 
a  form  described  by  Engelhardt^  as  Myrcia 
antediluviana  from  the  Tertiary  of  Ecuador. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Myrcia  bentonensis  Berry. 

Plate  XC,  figures  7-9. 

Querciis  retracta.    Lesquereux  (in  part),  Am.  Philoe.  Soc. 
Trans.,  vol.  13,  p.  416,  pi.  16,  fig.  4  (not  fig.  5),  1869. 
Knowlton,  in  Harris,  G.  D.,  Arkansas  Geol.  Survey 
Ann.  Rept.  for  1892,  vol.  2,  p.  56,  1894. 

Description. — Leaves  linear-lanceolate  in  out- 
line, the  apex  blimtly  pointed  or  rounded,  and 
the    base   narrowly   pointed.     Length   ranges 
from  7  to  12  centimeters.     Maximum  width, 
in  the  middle  part  of  the  leaf,  ranges  from  0.7 
centimeter   to    1.5   centimeters.     Margins   en- 
tire.    Texture    coriaceous.     Petiole    short    or 
wanting.     Midrib  stout.     Secondaries  thin,  nu- 
merous, regularly  spaced  at  intervals  of  about 
1.5  millimeters,  diverging  from  the  midrib  at 
angles  of  60°  to  70°,  straight  in  their  course, 
their  tips  joined  by  a  thin  aerodrome  vein  close 
to  and  parallel  with  the  margin. 

This  species  was  based,  in  the  first  instance, 
on  a  single  specimen,  collected  many  years  ago 
at  Benton,  Ark.,  by  R,  E.  CaU  for  the  Arkan- 
sas Geological  Survey.  It  was  subsequently 
discovered  at  several  localities  along  the  east- 
ern shore  of  the  Mississippi  embayment  in  Mis- 
sissippi and  Tennessee  and  survives  the  Wilcox, 
being  present  in  the  St.  Maurice  formation 
(lower  formation  of  Claiborne  group)  of  Cleve- 
land County,  Ark. 

It  suggests  fossil  forms  that  have  been  re- 
ferred to  the  genera  Eucalyptus,  Nerium,  Ficus, 
and  Apocynophyllum,  but  appears  to  be  most 
like  the  genus  Myrcia,  which  has  so  many  ex- 


1  Ettingshausen,  C.  von,  Die  Blattskelete  der  Diootyledonen,  p.  195, 
figs.  206,  210,  1861. 

*  Engelhard  t,  Hermaim,  Senckenberglsche  naturf.  Oesell.  Abh.,  vol. 
1»,  p.  17,  pi.  15,  flg.  15, 1895. 


isting  species  in  the  American  Tropics.  It  may 
be  compared  with  certain  existing  species  of 
Myrcia.  Among  fossil  forms  it  is  similar  to 
Nerium  parisiense  Saporta,'  from  the  middle 
Eocene  (Lutetian)  of  the  Paris  Basin.  It  is 
also  much  like  the  Myrcia  from  the  Green  River 
formation,  which  Newberry  *  identified  as  Salix 
angusta  and  which  may  be  a  descendant  of  this 
southern  Eocene  form. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N.  Lowe 
and  E.  W.  Berry).  Ackerman  formation.  Hur- 
leys, Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  Hilgard). 
Holly  Springs  sand,  Oxford  ravine,  Lafayette 
Coimty  (common).  Miss,  (collected  by  E.  W. 
Berry) .  Wilcox  group ,  Benton,  Saline  Coimty, 
Ark.  (collected  by  R.  E.  Call).  Lagrange  for- 
mation (in  beds  of  Wilcox  age),  Puryear,  Henry 
County  (collected  by  E.  W.  Berry),  and  1^  miles 
west  of  Grand  Junction,  in  Fayette  County, 
Tenn.  (collected  by  L.  C.  Johnson). 

Collections. — U.  S.  National  Museum. 

Genus  EUGENU  Linn^. 

Eugenia  densinervia  (Lesquereux). 

Salix  (?)  densinervia.    Lesquereux,  Am.  Jour.  Sci.,  2d  ser., 

vol.  27,  p.  364,  1859. 
Lesquereux,  in  Safford,  J.  M.,  Geology  of  Tennessee, 

p.  427,  pi.  K,  ^.  9,  1869. 
Loughridge,  Report  on  the  geological  and  economic 

features  of  the  Jackson's  purchase  region,  p.  197, 

fig.  9,  1888. 

Description. — Leaves  narrowly  lanceolate  in 
general  outline,  slightly  falcate,  gradually  nar- 
rowed from  the  middle  to  the  acuminate  apex 
and  the  equally  pointed  base.  Length  about 
5.5  centimeters.  Maximum  width,  midway  be- 
tween the  apex  and  base,  about  4.5  millimeters. 
Margins  entire.  Texture  subcoriaceous.  Peti- 
ole missing.  Midrib  stout,  curved,  and  promi- 
nent. Secondaries  very  thin,  numerous,  closely 
spaced,  diverging  from  the  midrib  at  angles  of 
about  35°,  connected  by  oblique  nerviUes  of  the 
same  caliber  as  the  secondaries,  giving  them  the 
appearance  of  inosculating. 

This  species  is  based  on  the  form  described 
by  Lesquereux  as  a  Salix,  although  he  queried 
this  generic  determination  and  says  that  when 

s  Saporta,  O.  de,  Le  monde  des  plantes  avant  rapparition  de  rhomme, 
p.  227,  fig.  46, 1879. 

♦Newberry,  J.  S.,  U.  S.  Geol.  Survey  Mon.  35,  p.  54,  pi.  65,  flg.  2, 1898, 
HoUick  In  a  footnote  on  p.  55  calls  attention  to  the  Eucalyptus-like 
venation  of  this  form. 
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better  material  is  found  the  plant  will  probably 
be  referred  to  another  genus.  Although  no 
new  material  has  been  obtained  in  subsequent 
collections,  I  have  ventured  to  transfer  this 
form  to  the  genus  Eugenia,  with  which  in  my 
judgment  it  shows  the  greatest  affinity.  It  is 
much  narrower  and  more  elongated  than  the 
associated  Eugenia  hilgardiana  Berry.  Other 
Wilcox  plants  which  resemble  the  present  spe- 
cies are  Sapindus  linearifolius  Berry  and  Myr- 
da  hentonensis  Berry.  Both  are  somewhat 
larger  and  diflFer  decidedly  in  their  venation 
characters. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Somerville,  Fayette  County,  Tenn. 
(collected  by  J.  M.  Saflford). 

CoUedian. — Location  of  type  unknown. 

Eugenia  hilgardiana  Berry,  n.  sp. 

Plate  XC,  figure  6. 

Sapindus  undulatus  Alexander  Braun.  Lesquereux, 
Am.  PhiloB.  Soc.  Trans.,  vol.  13,  p.  420,  pi.  22, 
fig.  6,  1869. 

Description. — ^Leaves  small,  ovate-lanceolate 
in  outline,  the  apex  narrowed  and  bluntly 
pointed  and  the  base  rather  narrow  and  cune- 
ate.  Length  about  4  centimeters.  Maximum 
width,  in  the  lower  half  of  the  leaf,  about  1.5 
centimeters.  Mai^ins  entire,  slightly  wavy 
and  markedly  revolute.  Texture  very  thick 
and  coriaceous.  Petiole  if  present  very  stout, 
not  preserved.  Midrib  extremely  stout,  curved, 
prominent  on  the  lower  surface.  Secondaries 
rather  stout,  thin  compared  with  the  midrib, 
more  or  less  immersed  in  the  thick  leaf  sub- 
stance; five  or  six  subopposite  pairs  diverge 
from  the  midrib  at  acute  angles  of  about  30°, 
pursuing  a  nearly  straight  ascending  course, 
subparaUel,  the  lower  pairs  paraUel  with  the 
lower  margins  of  the  leaf,  aU  curving  approxi- 
mately parallel  with  the  lateral  margins  toward 
their  camptodrome  tips. 

This  species  is  based  on  the  single  specimen 
collected  by  Prof.  Hilgard  half  a  century  ago 
and  identified  by  Lesquereux  with  Sapindus 
undulatus  Alexander  Braun,  with  which  it  has 
practically  nothing  in  common.  The  illustra- 
tion of  the  type  specimen  given  in  Plate  XC, 
figure  6,  brings  out  its  true  character  and  shows 
its  thick  form  and  revolute  margins.  It  is 
named  in  honor  of  E.  W.  Hilgard,  the  veteran 
southern  geologist  who  did  such  a  lai^e  amount 
of  most  excellent  and  lasting  pioneer  work  on 


the  geology  of  our  Southern  States.  The  genus 
was  named  by  Linn6  in  commemoration  of 
Prince  Eugene  of  Savoy,  an  early  patron  of 
botany,  and  by  an  iinintentional  combination 
serves  also  to  commemorate  the  Christian  name 
of  the  geologist  to  whom  the  present  species  is 
dedicated. 

Eugenia  hilgardiana  can  scarcely  be  distin- 
guished from  some  of  the  leaves  of  three  of  the 
existing  species  that  reach  southern  Florida — 
Eugenia  axillaris  WiUdenow,  Eugenia  rhombea 
Krug  and  Urban,  and  Eugenia  confusa  De  Can- 
do]^,  all  coastal  tropical  forms. 

The  genus  comprises  several  hundred  exist- 
ing species  (about  500  according  to  Sai^ent) 
and  is  common  in  the  Tropics  of  both  the  East- 
em  and  Western  hemispheres,  with  littoral 
species  ia  both  regions. 

Occurrence. — ^Ackerman  formation,  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  Hilgard), 

Collection. — U.  S.  National  Museum. 

Eugenia  puryearensis  Berry,  n.  sp. 

Plate  XC,  figures  11  and  12. 

Description. — Leaves  small,    elliptical-ovate 
and   somewhat   inequilateral   in   general  out- 
line,   sessile,    widest    near    the    middle    and 
tapering  about  equally  distad  and  proximad. 
Tip  bluntly  pointed.     Base  broadly  cuneate. 
Length  about  2  centimeters.     Maximum  width 
about  11.5  millimeters;  the  lamina  on  one  side 
of  the  midrib  at  least  2  millimeters  wider  than 
that  on  the  opposite  side.     Midrib  extremely 
stout  and  prominent  at  the  base,  longitudinally 
striated,  1.5  to  2  millimeters  in  diameter,  taper- 
ing rapidly  upward  imtil  it  is  not  at  all  promi- 
nent and  scarcely  discernible  in  the  tip.     Mar- 
gins entire  and  full,  especially  on  the  broader 
side  of  the  lamina.     Texture  very  coriaceous. 
Secondaries  and  tertiaries  entirely  immersed  in 
the  thick  substance  of  the  leaf. 

This  small-leafed  species  is  well  character- 
ized and  is  apparently  referable  to  the  genus 
Eugenia.  Among  the  other  Wilcox  species  of 
Eugenia  it  shows  considerable  resemblance  to 
Eugenia  hilgardiana  Berry  but  differs  in  its 
less  elongate  form  and  smaller  size  and  in  lack- 
ing the  prominent  ascending  secondaries  of  that 
species.  It  comes  from  a  higher  horizon  in  the 
Wilcox  than  Eugenia  hilgardiana,  and  like  it 
seems  to  be  of  rare  occurrence. 


MYRTALES. 


319 


Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Eugenia  grenadensis  Berry,  n.  sp. 

Plate  XCI,  figures  4  and  5. 

Description, — Leaves  medium  sized  for  this 
genus,  lanceolate  in  general  outline,  widest  at  or 
slightly  below  the  middle,  from  which  point 
they  taper  almost  equally  in  both  directions  in 
the  smaller  leaves,  although  in  the  larger  leaves 
the  base  is  wider  than  the  tip.  Apex  abruptly 
pointed.  Base  cuneate.  Length  ranges  from 
5.5  to  7  centimeters.  Maximum  width,  at  or 
sUghtly  below  the  middle,  ranges  from  1.5  to 
2  centimeters.  Margins  entire,  invariably 
somewhat  irregularly  undulate  in  the  material 
collected.  Texture  coriaceous.  Petiole  short, 
very  stout,  and  much  curved,  about  3  milli- 
meters in  length.  Midrib  stout  throughout  its 
length,  prominent.  Secondaries  numerous, 
thin,  brochidodrome ;  they  diverge  from  the 
midrib  at  acute  angles  of  about  35®  and  curve 
but  slightly  in  their  ascending  course,  being 
scarcely  distinguishable  from  the  tertiaries  and 
not  at  all  differentiated  in  the  upper  part  of 
the  leaf.  Tertiaries  thin^  forming  a  close-set 
ascending  transverse  areolation. 

This  species  is  well  distinguished  among  the 
Wilcox  species  of  Eugenia,  being  longer  and 
narrower  than  Eugenia  hilgardiana  Berry,  which 
also  differs  in  its  thicker  midrib,  fewer,  stouter 
secondaries,  and  tertiary  areolation.  The  other 
Wilcox  species,  Eugenia  densinervia  (Lesquereux) 
Berry,  is  a  small  linear-lanceolate  falcate  form 
quite  unlike  Eugenia  grenadensis.  TRie  leaves  of 
a  number  of  existing  species  of  Eugenia  closely 
resemble  those  of  the  fossil  species.  Those  that 
reach  our  southern  coast  are  as  a  rule  relatively 
wider,  but  Eugenia  confusa  De  Candolle  is  not 
very  dissimilar  from  the  fossil  form. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N.  Lowe 
and  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Genus  CALYPTRANTHES  Swartz. 

Calyptranthes  eocenica  Berry,  n.  sp. 

Plate  XC,  figure  5. 

Description. — Rigid  coriaceous  leaves,  ellip- 
tical or  ovate  in  outline,  the  base  broadly  cune- 
ate or  rounded,  and  the  tip  acute  and  not  ex- 
tended.    Length  about  7  centimeters.    Maxi- 


mum width,  in  the  middle  part  of  the  leaf, 
about  3.5  centimeters.  Midrib  rather  stout. 
Secondaries  thin,  numerous,  close  set,  subpar- 
aUel,  in  placets  forked  and  anastomosing;  they 
divei^e  from  the  midrib  at  wide  angles  and  pur- 
sue a  nearly  straight  course  almost  to  the  mar- 
gin, where  their  ends  are  joined  by  a  marginal 
vein  parallel  with  the  entire  margin. 

This  characteristic  new  species  resembles  a 
number  of  existing  American  genera  of  the  Myr- 
tacese  as  well  as  several  West  Indian  species  of 
Sapotacese,  especially  of  the  genus  Chrysophyl- 
lum.  It  also  resembles  several  species  of  the 
myrtaceous  genus  Aulomyrcia  Berg  (Myrcia 
De  Candolle)  from  tropical  South  America,  but 
is  especially  close  to  certain  species  of  Calyp- 
tranthes, particularly  Calyptranthes  syzygium 
(Linn6)  Swartz,  which  is  a  shrub  or  small  tree 
20  or  30  feet  in  height  ranging  from  sea  level  to 
the  mountains  in  rich  woods  on  the  West  In- 
dian islands,  and  mostly  an  upland  form. 
Some  modem  students  refer  it  to  the  allied 
genus  Chytraculia  R.  Brown.  The  fossil  is 
near  the  maximum  in  size  of  the  leaves  of  this 
species  and  except  for  its  more  sharply  pointed 
tip  is  identical  with  the  leaves  of  this  recent 
species  in  all  its  characters. 

Among  previously  described  fossil  forms  it  is 
perhaps  most  like  the  somewhat  smaller  Myrtus 
rectinerviSj  which  is  described  by  Saporta* 
from  the  Oligocene  (Tongrian)  of  St.  Zacharie 
in  southeastern  France. 

The  genus  Calyptranthes  appears  to  be  an 
early  branch  of  the  Eugenia-Myrcia  plexus, 
supposed  to  have  been  largely  developed  in  the 
American  tropics  during  the  Cretaceous.  As 
treated  by  Niedenzu^  it  comprises  about  70 
species,  ranging  from  Mexico  and  the  West  In- 
dies to  southern  Brazil.  Several  insular  forms 
have  been  referred  to  this  genus  on  evidence 
which  I  believe  is  insufficient.  These  are  3  forms 
from  the  Fiji  Islands,  1  from  Africa  and  Mauri- 
tius, and  1  from  Java.  With  these  exceptions 
the  genus  is  entirely  American  in  the  existing 
flora.  An  undescribed  fossil  species  is  present 
in  the  Oligocene  of  the  Isthmus  of  Panama. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — L^.  S.  National  Museum. 

iSaporta,  G.  dc,  ifetudes  sur  la  v<^g<^tation  du  stid-est  de  la  France  k 
IVpoquo  t€rtiaire,  vol.  1,  p.  251,  pi.  11»  fig.  6,  1863. 
>  Engler,  A.,  and  Prantl,  K.,  Die  nattirlichen  Pflanxenfamilien,  1893. 
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Family  COMBBETACEiB. 
Genus  LAGUNCULARU  Gttrtner. 

Laouncularia  preracemosa  Berry,  n.  sp. 

Plate  XCV,  figuree  4-8. 

Description. — ^Leaves  somewhat  variable  in 
size  and  outline,  elliptical  or  oblong-elliptical. 
Length  4  to  6  centimeters,  averaging  about  5 
centimeters.  Maximum  width,  midway  be- 
tween the  apex  and  the  base,  2*  to  2.5  centime- 
ters. Apex  more  or  less  broadly  rounded  in 
specimens  slightly  emarginate.  Base  a  coun- 
terpart of  the  apex  in  outline.  The  lateral 
margins  may  be  approximately  parallel  with 
the  broadly  rounded  apex  and  base  or  they  may 
be  gently  and  equally  curved  in  both  directions 
from  the  region  of  maximum  width,  and  in 
these  specimens  the  apex  and  base  are  more 
narrowly  rounded.  Petiole  short,  stout,  and 
curved,  about  4  millimeters  in  length.  Midrib 
stout  and  straight.  Secondaries  thin,  numer- 
ous, and  camptodrome,  diverging  from  the  mid- 
rib at  wide  angles  and  immersed  in  the  leaf  sub- 
stance. Margins  entire.  Texture  coriaceous, 
slightly  rugose.  Fruit  turbinate,  several 
ribbed,  ligneous,  the  corona  composed  of  sev- 
eral rather  long,  somewhat  recurved  coriaceous 
acute  teeth,  presumably  a  one-seeded  coriace- 
ous drupe  as  in  the  modem  species. 

This  species  is  one  of  those  rare  fossil  forms 
represented  by  both  foliage  and  fruit,  for 
though  the  leaves  and  fruit  were  not  found  in 
organic  union  they  are  associated  in  the  same 
deposits,  and  I  have  no  doubt  were  borne 
by  the  same  tree,  since  both  are  character- 
istic. 

Both  the  leaves  and  fruit  are  so  much  like 
those  of  the  -  existing  Laguncularia  racemosa 
Gartner  that  it  seems  reasonably  certain  that 
they  represent  its  Eocene  progenitor.  The 
loaves  are  almost  identical  with  the  existing 
species  in  outhne  and  venation  and  have  the 
same  thick  rugose  texture,  the  only  difference 
being  in  the  somewhat  shorter  petioles  of  the 
fossils  and  their  lack  of  tuberculation  on  the 
surface  in  the  marginal  region.  The  fruits  are 
also  nearly  identical  with  those  of  the  existing 
species.  They  are  shorter  and  relatively 
broader  and  the  coronal  teeth  are  longer  and 
fewer  in  number,  thus  resembling  more  nearly 
the  unripe  fruits  of  the  existing  species.  The 
number  of  ribs  is  probably  the  same  as  in  the 


existing  form,  but  this  feature  can  not  be  made 
out  positively. 

The  genus  Lagimcularia  is  monotypic  in  the 
existing  flora,  and  its  single  species,  Laguncu- 
laria racemosa  Gartner,  the  buttonwood  or 
white  mangrove,  inhabits  muddy  tidal  shores 
of  estuaries  and  lagoons.  It  is  common  in 
southern  Florida  southward  from  Cape  Cana- 
veral and  Cedar  Keys,  in  Bermuda,  and  through- 
out tropical  America — the  Bahamas,  Antilles, 
Mexico,  Central  America,  and  northern  South 
America.  It  is  also  found  along  the  west  coast 
of  Africa  in  the  equatorial  belt.  Although  I 
know  of  no  experimental  evidence,  this  distri- 
bution would  indicate  that  the  small  ligneous 
fruits  withstand  submergence  for  long  periods 
and  that  the  species  is  distributed  by  ocean 
currents. 

Laguncularia  preracemosa  is  one  of  those  for- 
tunate finds  which  enable  the  student  to  piece 
together  the  scraps  of  evidence  and  to  build  up 
a  reasonable  picture  of  the  physiography,  cli- 
mate, and  ecologic  grouping  of  the  Wilcox  flora. 
This  is,  so  far  as  I  know,  the  first  recorded 
occurrence  of  a  fossil  species  of  Laguncularia, 
and  though  Tertiary  species  with  leaves  of  simi- 
lar outline  have  been  described,  for  example, 
Mimosiies  adenarUhera  Unger  ^  from  Radoboj  in 
Croatia,  there  is  little  difficulty  in  distinguish- 
ing them. 

There  are  also  similar  leaves  of  unrelated 
species  in  the  Wilcox  flora  that  might  in  the  ab- 
sence of  the  rare  fruits  be  confused  with  the 
present  species.  These  are  the  following  forms: 
Mimusops  sieherifolia  Berry,  which  is  found  in 
the  same  deposits  as  La-guncularia  preracemosa 
but  is  distinguishable  by  its  more  elongate  form, 
slightly  revolute  margin,  and  much  more  promi- 
nent and  different  venation;  Sophorawilcoxiana 
Berry,  also  found  at  Puryear,  Tenn.,  whose  leaf- 
lets are  thinner  and  slightly  inequilateral,  and 
have  a  different  venation  and  an  almost  obsolete 
petiolule ;  Cassia  wilcoxiana  Berry,  in  which  the 
outline  of  the  leaves  is  much  like  the  most  taper- 
ing forms  of  Laguncularia,  but  the  venation  is 
somewhat  different  and  the  leaflets  are  sessile. 

Occurrence, — HoUy  Springs  sand.  Holly 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry).  Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collections. — U.  S.  National  Museum. 


1  Unger,  Franz,  Die  fossils  Flora  von  iladoboj,  p.  155,  pi.  3.  fig.  2, 1860. 
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Genus  COMBRETUM  Linne. 
CoMBBETUM  ovALis  (Lesquereux)  Berry. 

Plates  XCIII,  figure  1,  and  XCIV,  figure  1. 

Magnolia  ovalis,    Lesquereux,  Am.  Philos.  Soc.  Trans., 
vol.  13,  p.  422,  pi.  21,  figs.  3,  4,  1869. 
Knowlton,  Am.  Geologist,  vol.  16,  p.  308, 1895. 

Magnolia    cordifolia.    Lesquereux,     Am.     Philos:     Soc. 
Trans.,  vol.  13,  p.  422,  pi.  22,  figs.  1,  2,  1869. 

Description, — Leaves  relatively  large,  ellipti- 
cal or  orbicular  in  general  outline,  the  apex 
broadly  rounded  or  bluntly  pointed,  the  base 
very  broadly  rounded  or  truncate.  Length 
ranges  from  12  to  15  centimeters.  Maximum 
width,  in  the  middle  part  of  the  leaf,  ranges 
from  5.5  to  12  centimeters,  averaging  about  9 
centimeters.  Margins  entire,  full,  and  rather 
evenly  roimded.  Leaf  substance  thin  but  ap- 
parently subcoriaceous.  Petiole  very  stout 
and  curved,  not  preserved  for  its  full  length  in 
any  of  the  material.  Midrib  very  stout, 
curved;  if  prominent  in  life  it  has  been  flat- 
tened during  f ossilization,  but  the  fact  that  it  is 
longitudinally  channeled  favors  the  supposition 
that  it  was  more  or  less  prominent,  the  lines 
being  due  to  collapse  caused  by  pressure. 
Secondaries  relatively  thin,  not  prominent, 
their  spacing  variable,  in  general  rather  remote; 
they  branch  from  the  midrib  at  angles  of  45°  or 
more,  pursue  a  regularly  curved  subparallel 
course,  and  are  camptodrome  in  the  marginal 
region.  There  are  usually  about  eight  suboppo- 
site  to  alternate  pairs.  Tertiary  venation  en- 
tirely obsolete. 

These  leaves  exhibit  considerable  variation  in 
outline  and  most  of  them  are  conspicuously 
inequilateral;  the  lamina  of  one  of  the  larger 
specimens  has  an  extreme  width  of  8.5  centi- 
meters on  one  side  and  only  4  centimeters  oh  the 
other  side.  The  apex  may  be  broadly  rounded 
or  slightly  extended;  I  doubt  if  it  was  ever 
pointed.  The  large  specimen  illustrated  by 
Lesquereux  as  Magnolia  cordifolia  in  his  figure  1 
apparently  terminated  in  a  point,  but  by  chip- 
ping away  more  of  the  matrix  in  the  type  speci- 
men it  was  found  that  the  distal  margin  was 
abruptly  roimded  off. 

The  material  on  which  the  present  species  is 
established  formed  the  basis  for  two  species 
that  were  referred  by  Lesquereux  to  the  genus 
Magnolia,  although  he  states  that  they  are 
unlike  any  true  Magnolias  known  to  him.  In 
this  he  is  entirely  correct.     There  is  consider- 


able variation  in  the  material  but  no  basis  for 
specific  segregation,  and  the  variable  apex, 
inequilateral  form,  obsolete  tertiaries,  and  thin 
texture,  are  all  characters  unlike  Magnolia. 
On  the  other  hand  they  are  paralleled  in  the 
modem  genus  Combretum.  This  fact,  coupled 
with  the  presence  of  leaves  of  Terminalia  m  this 
flora,  characteristic  fruits  of  Terminalia  in  this 
and  ia  European  Eocene  floras,  leaves,  and 
fruits  of  Lagimcularia  in  this  flora,  a  combre- 
taceous  flower  in  this  flora,  and  combretaceous 
wood  (Combretacinium  Felix)  in  the  European 
Eocene  flora,  all  indicate  the  abundance  of  the 
Combretacese  in  the  Eocene  and  the  prevalence 
of  physical  conditions  unsuited  for  Magnolia. 
Leaves  of  Combretum  have  been  described  by 
Massalongo,  O.  Weber,  and  Heer  from  the 
European  Tertiary,  three  species  occur  in  the 
Wilcox  flora,  and  another  in  the  Claiborne  flora. 
Engelhardt  has  described  two  species  from  the 
Tertiary  of  Chile,  and  Menzel  described  a  spe- 
cies of  Combretiphyllum  from  the  Oligocene  of 
Bohemia. 

The  present  species  occurs  in  the  Raton  for- 
mation of  the  Rocky  Mountain  province  and  is 
referred  by  Knowlton  to  Magnolia. 

Occurrence. — Ackerman  formation.  Hurleys, 
Benton  County  (formerly  a  part  of  Tippah 
Coimty),  Miss,  (collected  by  E.  W.  Hilgard). 
Wilcox  group,  Old  Port  Caddo  Landing,  Little 
Cypress  Bayou,  Harrison  County,  Tex.  (col- 
lected by  T.  W.  Vaughan).  Lagrange  forma- 
tion (in  beds  of  Wilcox  age),  1  mile  south  of 
Grand  Junction,  in  Fayette  County,  Tenn.  (col- 
lected by  E.  W.  Berry). 

Collections. — ^U.  S.  National  Museum. 

Combretum  wilcoxensis  Berry,  n.  sp. 

Plate  LXXXIX,  figures  1  and  2. 

Description. — Leaves  medium  sized,  elliptical 
in  general  outline,  the  tip  blimtly  pointed  and 
the  base  cimeate  and  decurrent.  Length  ranges 
from  12  to  15  centimeters.  Maximum  width, 
in  the  middle  or  lower  part  of  the  leaf,  6  to  10 
centimeters.  Petiole  curved,  extremely  stout 
and  channeled,  between  4  and  5  centimeters  in 
length.  Margins  entire,  conspicuously  undu- 
late and  somewhat  revolute.  Leaf  substance 
thick  and  coriaceous.  Midrib  stout,  prominent 
on  the  lower  surface  of  the  leaf  and  narrow  on 
the  upper  surface.  Secondaries  relatively  nar- 
row on  the  upper  surface.  Secondaries  rela- 
tively (not  actually)  thin;  eight  or  nine  subop- 
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posite  pairs  diverge  from  the  midrib  at  angles 
of  45®  to  50®,  subparallel,  unequally  spaced, 
rather  straightly  ascending  to  the  marginal 
region,  where  they  curve  upward  in  a  campto- 
drome  manner  close  to  and  parallel  with  the 
marginal  undulations.  Tertiaries  immersed 
and  obsolete. 

The  distinctive  characters  of  this  striking 
form  are  well  shown  by  the  photograph  of  the 
basal  and  distal  portions  of  the  leaves  lying 
close  together  in  the  clays,  the  basal  portions 
showing  the  under  surface  and  the  distal  por- 
tions the  upper  surface.  The  species,  though 
fragmentary,  is  not  rare  and  the  fragments  are 
assembled  in  the  drawing  of  a  complete  leaf 
which  shows  the  minimum  of  size  and  width 
rather  than  the  maximum,  the  long  stout 
petiole  also  giving  it  a  more  slender  appear- 
ance than  it  really  possesses.  These  leaves  are 
well  marked,  only  slightly  variable,  and  more 
or  less  inequilateral  but  not  nearly  to  the  ex- 
tent of  Comhretum  ovalis. 

They  are  readily  distinguishable  from  the 
orbicular-like  leaves  of  Combretum  ovaliSj  and 
their  long  stout  channeled  petiole  is  unlike  that 
of  any  other  known  member  of  the  Wilcox 
flora.  They  are  not  dissimilar  from  the  leaves 
of  several  existing  American  species  of  Com- 
bretum and  constitute  another  striking  ele- 
ment of  the  Wilcox  flora.  They  are  not  espe- 
cially close  to  any  described  fossil  species  of 
Combretum. 

The  existing  species  of  Combretxmi  number 
about  130,  of  which  about  half  are  trees.  They 
are  widely  distributed  in  the  tropical  and  sub- 
tropical regions  of  both  the  old  and  new  world 
but  do  not  reach  the  southern  border  of  the 
United  States.  They  are  absent  in  Australia, 
New  Zealand,  and  Oceanica.  About  35  species 
are  endemic  in  South  America.  Several  spe- 
cies, scandent  in  habit,  extend  through  the 
West  Indies  from  South  America  to  Cuba. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — ^U.  S.  National  Museum. 

Combretum  obovalis  Berry,  n.  sp. 

Plate  XCI,  figures  6  and  7. 

Description, — Lai^e  coarse,  somewhat  in- 
equilateral leaves,  elliptical-obovate  in  general 
outline,  widest  above  the  middle,  the  apex 
broadly  rounded,  slightly  retuse  and  finally 


prominently  mucronate  and  the  base  abruptly 
rounded  and  finally  cuneate.  Length  about 
13  centimeters.  Maximum  width  about  7.75 
centimeters.  Mai^ins  entire.  Texture  thick 
and  coriaceous.  Petiole  very  stout,  not  pre- 
served. Midrib  extraordinarily  stout  through- 
out, 3  millimeters  in  diameter  at  the  base,  very 
prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  stout;  about  eight  pairs  diverge 
from  the  midrib  at  angles  of  about  55®  to  60°, 
curving  but  slightly  in  their  courses,  campto- 
drome  in  the  marginal  region.  Tertiaries 
immersed  in  the  leaf  substance. 

This  is  a  very  characteristic  form,  with  its 
broad  retuse  and  then  apiculate  tip,  i  ts  roundedly 
constricted  and  then  cuneate  base,  and  its  very 
thick  texture  and  coarse  venation.  In  its 
coarse  texture  and  elliptical  form  it  resembles 
Combretum  ovalis  (Lesquereux)  Berry,  which, 
however,  is  relatively  shorter  and  wider  and  has 
a  pointed  tip,  fewer  secondaries,  and  a  broad, 
evenly  roimded  base.  The  other  Wilcox  species 
of  Combretum,  Comhretum  wilcoxensis  Berry, 
is  not  quite  so  coarsely  veined  and  is  relatively 
longer  and  narrower,  being  gradually  narrowed 
from  about  the  middle  upward  to  the  obtusely 
pointed  tip. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry).  Wilcox  group, 
near  Mansfield,  De  Soto  Parish,  La.  (collected 
by  Mr.  Fox). 

Collection, — ^U.  S.  National  Museum. 

Genus  COMBRETANTHITES  Berry. 

Combretanthites.    Berry,  U.  S.  Nat.  Mub.  Proc.,  vol.  45, 
p.  261,  1913.  ^ 

This  genus  was  proposed  for  the  following 
species,  which  is  based  on  a  fossil  flower  refer- 
able to  the  Combretaceae  and  very  similar  to 
the  flowers  of  some  of  the  species  of  Combretum. 
To  avoid  any  seeming  inaccuracies  the  species 
is  described  in  detail  from  the  specimen,  even 
though  such  a  method  repeats  some  of  the 
floral  characters  that  run  through  the  family- 

CoMBRETANTHrrEs  EocENicA  Berry- 
Plat©  XCVI,  figures  1-6, 

Combretanthites  eocenica.    Berry,  U.  S.  Nat.  Mua.  Ftoc., 
vol.  45,  p.  262,  pi.  21,  1913. 

Description, — This  species  is  based  on  t^^ 
exceptionally  preserved  flower  shown  in  natural 
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size  in  Plate  XCVI,  figure  1,  lying  across  a  leaf 
of  Cassia  emarginata  Berry,  the  other  markings 
on  the  leaf  being  those  of  a  well-marked  leaf- 
spot  fungus.  Before  describing  the  flower  in 
detail  it  should  be  pointed  out  that  figures  1,  2, 
and  4  of  Plate  XCVI  are  from  photographs  that 
have  not  been  retouched  in  any  particular. 

As  I  interpret  it,  the  flower  shows  the  follow- 
ing characters:  Peduncle  stout,  curved,  about 
4  millimeters  long.     Calyx  rather  deeply  four 
or  five  lobed,  the  lobes  ovate  in  outline  and  the 
tips    bluntly    pointed.      Corolla    polypetalous 
composed  of  four  or  five  petals  alternating  with 
the  calyx  lobes,  long  and  narrow,  seemingly 
pointed,  about  twice  the  length  of  the  calyx 
lobes.    Ovary  inferior,  style  long  and  slender, 
probably   bearing   a   single   terminal   stigma. 
Stamens  12  in  number,  exserted,  the  filaments 
long  and  slender.     Anthers  elongate-elliptical 
in  form,  two  celled,  dehiscing  by  longitudinal 
slits.    The  stamens  may  vary  in  length  or  their 
apparent  variation  may  be  simply  a  feature  of 
preservation.     I   am  not  sure   that   the   ap- 
pearances that  I  have  interpreted  as  petals  are 
correctly  identified,  but  it  is  hard  to  imagine 
what  else  they  can  possibly  represent.     The 
single  slender  style  is  also  a  feature  that  may 
be  simulated  by  a  filament.    As  shown  in  the 
accompanying  restoration,  the  flower  is  poly- 
petalous,  regular,   and  perfect.     It  is  repre- 
sented as  having  a  four-lobed  calyx  and  four 
petals,  although  only  three  calyx  lobes  and  two 
petals  are  distinctly  seen  in  the  specimen.    If 
four  is  the  correct  number  then  the  stamens  are 
three  times  as  numerous  as  the  petals.     The 
reason  for  the  belief  that  these  flowers  were 
capitate  or  grew  in  crowded  spikes  is  their 
small  size,  narrow  petals,  and  exserted  style 
and   stamens — all  characters   shared   by   the 
flowers  of  the  Mimosacese  and  Combretacese, 
the  two  families  whose  flowers  are  most  like  the 
fossil.     In  the  Mimosacese  the  filaments  are 
as  a  rule  more  slender  and  more  elongated,  as 
well  as  more  or  less  imited,  but  in  the  fossil  they 
are  free.     The  anthers  are  also  much  smaller 
and  less  elongated  in  the  Mimosaceae.     The 
floivers  of  most  of  the  Combretaceae  are  very 
similar  to  the  fossil,  although  the  stamens  are 
generj^y  reduced  in  number  to  twice  the  num- 
ber of  the  petals  or  of  the  calyx  lobes  in  the 
apetalous  forms.  However,  some  of  the  modem 
forms  have  three  times  as  many  stamens  as 
petals  or  calyx  lobes.    The  most  similar  modem 


flowers  in  appearance  that  I  have  been  able  to 
find  are  those  of  Combretum  guianaense  Rusby 
from  BoUvia,  and  in  this  species  the  stamens  are 
only  eight  in  number  and  more  exserted.  I 
have  submitted  the  specimen  to  botanists  who 
are  familiar  with  the  flora  of  tropical  America 
and  have  also  compared  it  with  a  vast  amount 
of  recent  material,  and  I  am  satisfied  that  it 
represents  an  Eocene  member  of  the  Com- 
bretaceae, a  family  that  was  apparently  well 
represented  in  the  early  Eocene,  since  I  have 
described  from  contemporaneous  deposits  the 
leaves  of  three  species  of  Combretum,  three 
species  of  Terminalia,  one  species  of  Cono- 
carpus,  and  both  leaves  and  fruit  of  a  species  of 
Laguncularia.  These  all  serve  in  a  measure  to 
substantiate  one  another,  and  a  certain  amount 
of  confirmatory  evidence  is  furnished  by  the 
petrified  wood  described  by  Felix  from  the 
European  Eocene  as  Combretacinium*  and 
compared  with  the  woods  of  modem  forms  of 
Terminalia,  Bucida,  and  the  like.  Leaves  of 
Terminalia  and  Combretum  have  also  been 
described  by  several  authors  from  the  European 
Tertiary. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  1^  miles  west  of  Grand  Junction, 
in  Fayette  County,  Tenn.  (collected  by  L.  C. 
Glenn). 

Collection, — U.  S.  National  Museum. 

Genus  TERMINALIA  Limi^. 

Terminalia  lesleyana  (Lesquere\ix)   Berry. 

Plate  LXXXIX,  figure  4. 

Terminalia  radohojensia  Heer.    Leequereux,  U.  S.  Geol. 

and   Geog.    Survey   Terr.    Ann.    Rept.   for  1871, 

suppl.,  p.  15,  1872. 

Magnolia  lesleyana.    Lesquereux,  Am.  Philos.  Soc.  Trans., 

voL  13,  p.  421,  pi.  21,  figs.  1,  2,  1869. 

Lesquereux,  The  Tertiary  flora,  p.  248,  pi.  44,  figs. 

1-3,  1878. 
Leequereux,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 
Rept.  for  1871,  suppl.,  p.  14,  1872. 

Description. — ^Lesquereux's  description,  pub- 
lished in  1869,  is  as  follows: 

M.  filiis  obovatls,  breviter  obtuse  aciuninatis,  in  petio- 
lum  longe  attenuatis;  nervo  medio  valido,  transvereini 
eroso  striato;  nervis  secundariis  dlstantlbus,  irr^gularibus, 
secundum  marginem  valde  curvatis. 

The  type  material  came  from  Hurleys,  in 
Benton  County  (formerly  the  western  part  of 

1  Felix,  Johannes,  Deutsche  geol.  Oesdl.  Zeitschr.,  vol.  46,  p.  90,  pi.  10, 
figs,  la-c,  1804. 
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Tippah  County),  Miss.,  and  was  collected  by 
Hilgard,  who  has  given  a  section  at  this  locality 
and  a  list  of  Lesquereux's  preliminary  identi- 
fications.* It  is  interesting  to  note  that  in  this 
list  the  present  species  is  referred  to  the  genus 
Terminalia,  as  were  also  certain  specimens 
afterward  collected  from  Fischers  Peak  in  New 
Mexico  (Raton  formation;,  but  all  were  subse- 
quently transferred  to  the  genus  Magnolia  by 
their  original  describer  and  compared  with  the 
modem  species  Magnolia  tripetala  Linn6,  which 
they  resemble  in  a  general  way.  The  type  ma- 
terial was  not  especially  well  preserved  in  clay 
ironstone  and  seems  to  have  consisted  only  of 
the  two  specimens  figured  by  Lesquereux. 
These  were  preserved  on  a  single  slab,  and  the 
original  is  not  contained  in  the  Hilgard  collec- 
tion at  the  State  University,  Oxford,  Miss.  The 
counterpart  of  this  specimen,  however,  is  still  in 
the  collection,  and,  though  less  complete  than 
the  figures  of  the  type,  serves  to  show  the  essen- 
tial correctness  of  Lesquereux's  drawings. 

In  their  general  outline,  texture,  venation, 
and  the  marginal  and  peduncular  characters 
they  are  closely  altied  to  the  leaves  of  the  exist- 
ing and  fossil  species  which  have  been  referred 
to  the  genus  Terminalia,  and  this  resemblance 
is  so  striking  and  so  in  harmony  with  the  eco- 
logic  grouping  of  the  Wilcox  flora  that  I  feel  jus- 
tified in  transferring  the  species  to  this  genus. 

Among  recent  forms  the  present  species  may 
be  compared  with  Terminulia  ph^ocarpa  Eich- 
ler  or  Terminalia  hylohates  Eichler,  inhabitants 
of  tropical  South  America.  Among  fossil 
species  it  may  be  compared  with  Terminalia 
radobojensis  Unger,^  which  has  been  identified 
at  a  large  number  of  European  horizons  ranging 
from  the  Tongrian  to  the  middle  Pliocene 
(iistian).  It  is  also  strictly  congeneric  with 
Terminalia  pJiseocarpaides  Berry,  recently  de- 
scribed,^ with  other  members  of  a  typical  sub- 
tropical strand  flora,  from  the  Claiborne  or 
middle  Eocene  of  Georgia. 

The  modern  species  of  Terminalia  are  all 
tropical  and  number  more  than  100  forms, 
about  equally  distributed  between  Asia,  Africa, 
Australia,  and  America.  But  one  indigenous 
species,  Terminalia  buceras  (often   referred  to 

1  Hilgard,  E.  W.,  Report  oa  the  geology  and  agriculture  of  Bf  ississippi, 
p.  113, 18()0. 

2  linger,  Franz,  Chloris  protog^ea,  p.  142,  pi.  48,  fig.  2, 1847.    See  also 
Heer,  Oswald,  Flora  tertlaria  Helvetifp,  vol.  3,  pi.  108,  flgs.  10-12, 1859. 

>  Berry,  E.  W.,  U.  S.  Geol.  Survey  Prof.  Paper  84,  p.  14f.,  pi.  29,  fig.  3, 
1914. 


the  genus  Bucida  Linn6) ,  reaches  the  United 
States.  It  is  found  generally  on  coral  soil  and 
has  extended  from  the  Caribbean  region  north- 
ward through  the  West  Indies  to  Elliotts  Key, 
Fla.  While  some  of  the  species  are  distributed 
by  birds  the  seeds  of  Terminalia  catappa  and 
r.  littoralis  float  in  sea  water  for  months  with- 
out injury,  according  to  Schimper,  Guppy,  and 
others. 

Besides  the  species  next  described,  Termina- 
lia Tiilgardiana  and  Terminalia  wilcoxiana,  only 
one  other  species,  Terminalia  phxocarpoides, 
has  been  recognized  among  the  fossil  floras  of 
North  America,  although  Britton  *  has  recog- 
nized characteristic  fruits  in  a  collection  of 
Tertiary  age  from  Bolivia  in  South  America. 
From  Europe,  on  the  other  hand,  a  dozen  or 
more  species  have  been  described.  They  occur 
for  the  most  part  along  the  extended  Tertiary 
coast  of  southern  Europe  from  Eocene  to  Pho- 
cene  times  and  are  represented  by  character- 
istic fruits  as  well  as  leaves.  Two  species  are 
described  by  Watelet  from  the  Ypresian  of  the 
Paris  Basm,  and  a  form  from  this  horizon 
somewhat  similar  to  Terminalia  lesleyana  is 
described  from  the  Spamacian  and  Ypresian  as 
Ficus  deshayesi,^ 

The  writer  has  not  seen  the  material  on 
which  Lesquereux  based  the  occurrence  of  Tir- 
minalia  lesleyana  in  the  Eocene  at  Evanston, 
Wyo.,  and  it  is  included  in  the  foregoing 
synonymy  with  considerable  hesitation,  since 
it  is  a  somewhat  older  Eocene  horizon  than  the 
Wilcox.  Remains  indistinguishable  from  the 
present  species  have  been  collected  from  the 
Raton  formation  of  northeastern  New  Mexico. 

Occurrence. — Ackerman  formation.  Hurleys, 
Benton  County  (formerly  a  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  Hilgard). 
Lagrange  formation  (in  beds  of  Wilcox  age) 
1  mile  south  of  Grand  Junction,  in  Favette 
County,  Tenn.  (material  not  positively  deter- 
mined) (collected  by  E.  W.  Berry).  Wilcox 
group,  sec.  28,  T.  13  N.,  R.  12  W.,  and  2  miles 
south  of  Naborton,  De  Soto  Parish,  La.  (col- 
lected by  G.  C.  Matson  and  O.  B.  Hopkins). 
Beds  of  Wilcox  age  on  Calaveras  Cre^k,  Wilson 
County,  Tex.  (collected  by  Alexander  Deussen). 

Collections, — U.  S.  National  Museum;  State 
University  of  Mississippi. 

4  Britton,  N.  L.,  Am.  Inst.  Min.  Eng.  Trans.,  vol.  21,  p.  254,  ligs. 
16,  28,  68-70, 1893. 

&  Watelet,  A.,  Description  dcs  plantes  fossilesdu  bassinde  ]*aris,  p.  151, 
pis.  31),  40,  41,Qg.  1,1866. 
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Terminalia  hilgardiana  (Lesquereux)  Berry. 

Plate  XCII,  figure  2. 

Magnolia  HUgardiana.  Lesquereux,  in  Owen,  D.  D., 
Second  report  of  a  geological  reconnaissance  of 
the  middle  and  southern  counties  of  Arkansas, 
p.  319,  pi.  6,  fig.  1,  1860. 

Lesquereux,  Am.  Philos.  Soc.  Trans.,  vol.  13,  p.  421, 
pi.  20,  fig.  1,  1869. 

Lesquereux,  The  Tertiary  flora,  p.  249,  pi.  44,  fig.  4, 
1878. 

Hollick,  in  Harris,  G.  D.,  and  Veatch,  A.  C,  A  pre- 
liminary report  on  the  geology  of  Louisiana,  p. 
282,  pi.  39,  1899. 

Knowlton,  in  Lindgren,  Waldemar,  U.  S.  Geol. 
Survey  Prof.  Paper  73,  pp.  60,  61,  1911. 
Magnolia  lawrifolia,  Lesquereux,  Am.  Philos.  Soc. 
Trans.,  vol.  13,  p.  421,  pi.  20,  figs.  2,  3,  1869;  Proc. 
U.  S.  Nat.  Mus.,  vol.  11,  p.  25, 1888. 
Quercus  Lyellii.  Lesquereux  (in  part,  not  Heer),  Am. 
Philos.  Soc.  Trans.,  vol.  13,  p.  415,  pi.  17,  fig.  3 
(not  figs.  1,  2). 

Description. — ^Leaves  medium  sized  to  large, 
oblong-ovate  in  general  outline.  Apex  not 
preserved  in  any  of  the  material.  Base  nar- 
rowly or  broadly  cuneate.  Length  ranges 
from  15  to  25  centimeters.  Maximum  width 
at  or  above  the  middle  ranges  from  4  to  10 
centimeters.  Margins  entire,  more  or  less 
irregularly  undulate.  Leaf  substance  thin  but 
coriaceous.  Only  fragments  of  the  petiole 
preserved;  it  was  evidently  short  and  very 
stout.  Midrib  stout,  more  or  less  curved, 
prominent  on  the  lower  surface  of  the  leaf. 
Secondaries  relatively  thin,  numerous,  sub- 
parallel;  about  20  rather  regularly  spaced, 
opposite  to  alternate  pairs  diverge  from  the 
midrib  at  angles  of  40®  to  70°,  averaging  about 
50°,  curving  slightly  and  regularly,  campto- 
drome  close  to  the  margins. 

The  type  material  of  this  species  was  col- 
lected by  Hilgard  from  the  Ackerman  forma- 
tion at  Hurleys,  Benton  County,  Miss.,  and 
first  figured  by  Ijcsquereux  in  Owen's  second 
report  of  a  geologic  reconnaissance  of  part 
of  Arkansas.  It  is  not  to  be  found  in  the 
remains  of  the  Hilgard  collection  at  the  Uni- 
versity of  Mississippi.  When  Lesquereux  de- 
scribed and  illustrated  this  material  he  differ- 
entiated two  species,  although  there  is  obvi- 
ously only  one  form  represented.  The  species 
is  abimdant  in  the  Midway  (?)  formation  at 
Earle,  Tex.,  is  rather  widespread  in  the  Wilcox, 
and  occurs  in  the  lower  Eocene  of  Fishers 
Peak,  N.  Mex.  (Raton  formation).  It  has  also 
been  recorded  from   the  Fort  Union  forma- 


tion of  Montana  and  the  Eocene  of  Lassen 
County,  Cal. 

Occurrence. — ^Ackerman  formation,  Hurleys, 
Benton  Coimty  (formerly  a  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  Hilgard). 
Wilcox  group,  Campbell's  quarry.  Cross  Bayou, 
Caddo  Parish,  La.  (collected  by  L.  C.  John- 
son); McLees,  2  miles  north  of  Mansfield, 
De  Soto  Parish,  La.  (collected  by  L.  C.  John- 
son); one-fourth  mile  above  Coushatta,  Red 
River  Parish,  La.  (collected  by  G.  D.  Harris) ; 
IJ  miles  northeast  of  Mansfield  and  sec.  28, 
T.  13  N.,  R.  12  W.,  De  Soto  Parish,  La.  (col- 
lected by  G.  C.  Matson  and  O.  B.  Hopkins), 
and  Old  Port  Caddo  Landing,  Little  (Cypress 
Bayou,  Harrison  County,  Tex.  (collected  by 
T.  W.  Vaughan).  Lagrange  formation  (in 
beds  of  Wilcox  age),  Puryear,  Henry  County, 
Tenn.  (collected  by  E.  W.  Berry)  (rare). 

Collections. — U.  S.  National  Museum;  New 
York  Botanical  Garden. 

Terminalia  wilcjoxiana  Berry,  n.  sp. 
Plate  LXXXIX,  figure  3. 

Description. — Fruit  crustaceous,  large,  nar- 
rowly elliptic  in  outline,  compressed,  about  3.5 
centimeters  in  length  by  about  1.4  centi- 
meters in  maximum  width  midway  between 
the  apex  and  the  base,  ventricose  medianly, 
with  two  grooves  on  each  side  toward  the  mar- 
gins.    Margins  keeled.     Pericarp  thin  and  dry. 

This  fruit  is  almost  identical  with  the  fruits 
of  the  Indian  almond,  Terminalia  catappa 
Linn6,  as  well  as  with  those  of  other  existing 
species  of  Terminalia  whose  fruits  are  dry  and 
have  reduced  wings. 

Only  two  specimens  of  this  characteristic 
fruit  have  been  collected,  but  the  leaves  of  two 
species  of  Terminalia  are  common  throughout 
the  Wilcox,  and  the  genus  is  represented  in  the 
later  Tertiary  formations  of  the  Mississippi 
embayment  region. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  Coimty,  Miss,  (collected  by  E.  N.  Lowe 
and  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Genus  CONOCARPUS  Liiui^. 

CoNOCARPUS  EOLiGNiTicus  Bcrrv,  n.  sp. 

Plate  XCV,  figures  1  and  2. 

Description. — ^Leaves  of  different  sizes,  ovate- 
lanceolate  and  generally  falcate  in  outline,  the 
tip  acute  or  obtuse  and  the  base  acute  and 
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decurrent.  Length  ranges  from  6  to  8  centi- 
meters. Maximum  width,  in  the  middle  part 
of  the  leaf,  ranges  from  1,8  to  3  centimeters. 
Margins  entire  but  somewhat  irregular.  Leaf 
substance  very  thick  and  surface  roughened. 
Petiole  stout  and  curved,  merging  insensibly 
with  the  basal  part  of  the  lamina  of  the  leaf, 
about  1  centimeter  to  1.5  centimeters  in  length, 
thus  a  trifle  longer  than  in  the  modem  CWo- 
carpus  erectua  Linn6.  Midrib  stout  and  curved, 
mostly  immersed  in  the  thick  substance  of  the 
leaf.  Secondaries  nearlv  obsolete  in  the  leaf 
substance,  about  five  or  six  curved  campto- 
drome  pairs.     Tertiaries  obsolete. 

This  characteristic  species  in  its  limits  of  size, 
somewhat  irregular  and  generally  falcate  form, 
its  very  coriaceous  texture,  and  its  obsolete 
venation  is  almost  exactly  like  the  leaves  of 
the  modem  Conocarpus  erectus  Linn6,  which 
inhabits  both  sandy  and  muddy  tidal  shores, 
lagoons,  and  bays,  from  the  Antilles  and  the 
Florida  Keys  to  Central  America  and  tropical 
South  America,  as  well  as  tropical  western 
Africa.  It  is  a  characteristic  element  of  the 
tropical  strand  flora,  which  is  replaced  in  the 
Orient  by  different  species  of  Eugenia  and 
mangroves.  The  genus  Conocarpus  is  mono- 
typic  in  the  existing  flora.  A  single  fossil 
species  has  been  recently  described  by  me  from 
the  Claiborne  group  of  Georgia,'  and  Menzel ' 
has  described  fruits  from  the  Aquitanian  of 
Rhenish  Prussia.  The  two  extremes  of  size 
have  been  figured;  the  ornate  radial  groups  of 
marking  on  the  larger  leaf  are  casts  of  gypsum 
crystals,  probably  indicating  the  lagoon-like 
character  of  the  basin  of  deposition. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry).  Wilcox  group,  2 
miles  south  of  Naborton,  De  Soto  Parish,  La. 
(collected  by  O.  B.  Hopkins). 

Collection. — U.  S.  National  Museum. 

FamUy  HYDBOCABYACEiB  (TBAPACEJB). 
Genus  TRAPA  Linn^. 

Trapa  wilcoxensis  Berry,  n.  sp. 

Plate  n,  figures  7-9. 

Description. — Fruit  relatively  small,  kite- 
shaped,    one  -  celled,    indehiscent,    somewhat 

I  Berry,  E.  W.,  U.  S.  Oeol.  Survey  Prof.  Paper  84,  p.  147,  pi.  29,  figs. 
4-7, 1914. 

*  Menzel,  P.«  K.  preuas.geol.  Landesanstalt  Jahrb.,  Bd.  34,  Thefl  1,  Ileft 
1,  p.  53,  pi.  5,  llgs.  17-21,  1913. 


coriaceous,  armed  with  two  more  or  less  ex- 
tended, laterally  directed  or  ascending,  not 
recurved  spines.  Width  1.3  to  1.8  centimeters. 
Height  7  to  9  millimeters.  Expanded  medi- 
anly,  broad  and  extended  below,  more  or  less 
extended  above.  Spines  stout  and  conical. 
Surface  more  or  less  tuberculate  medianly. 

This  small-fruited  species  is  common  at  Pur- 
year. It  shows  considerable  variation  in  outline 
and  the  extent  to  which  the  spines  are  de- 
veloped. Though  smaller  than  most  fossil 
species  that  have  been  described  and  much 
smaller  than  the  fruits  of  the  three  existing 
species,  it  is  clearly  referable  to  the  genus  Trapa. 
The  genus,  formerly  referred  to  the  family 
Onagraceae,  is  made  the  type  and  only  genus 
of  the  family  HydrocaryacesB  (Trapaceae)  by 
Raimann.'  In  the  existing  flora  there  are  three 
species,  all  of  which  are  confined  to  the  Old  World, 
though  Trapa  natans  is  naturalized  in  New  Eng- 
land and  New  York.  Trapa  natans  Linn6,  which 
has  normally  four  horns,  inhabits  central  and 
southern  Europe  but  formerly  possessed  a 
much  greater  range;  Trapa  bicomis  Linn6 
grows  in  China  and  Japan,  and  Trapa  bispinosa 
Roxburg  in  southern  Asia  and  Africa.  The 
last  two  species  each  have  two  horns,  as  their 
names  indicate.  The  genus  has  an  extended 
geologic  history.  Rosettes  supposed  to  repre- 
sent the  floating  leaves  (Trapa  (?)  microphyJla 
Lesquereux,  Trapa  (?)  cuneaia  Knowlton)  are 
widespread  in  the  Rocky  Moimtain  province 
in  beds  of  late  Upper  Cretaceous  to  early 
Eocene  age.  The  oldest  fruits  are  those  de- 
scribed above  from  beds  of  Wilcox  age,  and  a 
large-fruited  bicomute  species  from  the  Eocene 
of  Canada  and  Alaska.  In  the  Oligocene  there 
is  a  species  in  Saxony  {Trapa  credneri  Schenk). 

No  less  than  seven  species  have  been  de- 
scribed from  the  Miocene;  two  of  them  occur 
in  Idaho  (Payette  formation),  one  in  Japan, 
and  the  remainder  in  Europe,  where  two  forms 
extend  into  the  Pliocene. 

The  existing  European  Trapa  naians  has 
been  recorded  from  the  preglacial  deposits  of 
England  and  Saxony,  from  numerous  inter- 
glacial  and  postglacial  localities  in  Portugal, 
Italy,  Netherlands,  Germany,  Sweden,  Russia, 
and  Denmark  (Andersson  mentions  18  localities 
in  West  Prussia,  6  in  Denmark,  17  in  Sweden, 
and  29  in  Finland).  The  present  species  is  not 
especially  close  to  any  previously  described. 

•Engler,  A .,  and  PranU,  K.,  Die natOrUchen  Pflansenfamflifln,  1893. 
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The  finding  of  nuts  of  a  species  of  Trapa  is 
interesting,  since  it  shows  that  an  inhabitant 
of  ponds  and  slow  streams  grew  near  enough  to 
the  deposit  at  Puryear  for  its  nuts  to  be 
brought  in  and  fossilized. 

Occurrence.— Lfigrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — ^U.  S.  National  Museum. 

Fanuly  MELASTOMATACEiB. 
Genus  MELASTOMITES  Unger. 

MELASTOMrTEs  AMERiCANUs  Berry,  n.  sp. 

Plate  XCVII,  figures  1-3. 

Description. — ^Leaves  of  different  sizes,  ellip- 
tical-lanceolate and  more  or  less  falcate  in 
general  outline.  Apex  narrowed  and  blimtly 
pointed,  in  some  specimens  slightly  inequi- 
lateral. Base  narrowed  and  extended,  decur- 
rent  for  a  more  or  less  considerable  distance. 
Length  ranges  from  2.5  to  8  centimeters,  aver- 
aging about  7  centimeters.  Maximum  width, 
in  the  middle  part  of  the  leaf,  ranges  from  1  to 
2.6  centimeters,  averaging  about  2  centimeters. 
Petiole  stout  and  curved,  its  length  not  de- 
terminable. Midrib  stout  and  curved.  Sec- 
ondary venation  peculiar,  the  lowest  supra- 
basilar  pair  subopposite,  long,  and  ascending; 
they  diverge  from  the  midrib  at  angles  of  about 
25°,  and  though  thinner  than  the  midrib  they 
are,  because  of  their  greater  length,  stouter 
than  the  regular  secondaries;  they  curve 
upward,  parallel  to  the  lower  lateral  margins, 
and  continue  with  successive  flat  arches  close 
to  the  margin,  joining  the  midrib  in  the  tip  in 
an  aerodrome.  After  a  basal  interval  aboye 
these  laterals  there  are  about  six  pairs  of  thin, 
more  or  less  equally  spaced,  alternate  to  oppo- 
site secondaries;  they  diverge  from  the  midrib 
at  wide  angles,  ranging  from  50°  to  70°  and 
becoming  wider  distad;  they  curve  upward, 
becoming  subparaDel  with  the  margin  and  also 
with  the  marginal  vein,  with  which  they  merge, 
causing  it  to  arch  slightly.  Tertiaries  thin, 
more  or  less  immersed,  forming  small  arches  in 
the  marginal  region  and  quadrangular  or  pentag- 
onal meshes  internally.  Leaf  margins  entire. 
Texture  subcoriaceous. 

Tliis  well-marked  species  suggests  compari- 
sons with  a  variety  of  imrelated  forms,  as,  for 
example,  certain  species  of  Lauracese,  Myrta- 
cefie,  Thymelseaceae,  Celastraceae,  Rhamnacese, 
and  the  like.     It  seems  to  me,  however,  to  be 


more  properly  referable  to  the  Melastomataceae, 
a  family  mostly  tropical  and  so  largely  devel- 
oped in  America.  The  fossil  may  be  compared 
with  a  number  of  modem  genera,  but  the  name 
Melastomites  is  preferable,  as  indicative  of  the 
family  without  bemg  unduly  specific  as  to  the 
modem  genus  that  is  closest  to  this  Eocene 
form.  According  to  Krasser,  who  mono- 
graphed the  family  for  Engler  and  Prantl's 
Natiirlichen  Pflanzenfamilien,  at  least  2,000  of 
the  2,800  existing  species  are  American  and 
largely  South  American.  Several  fossil  forms 
ranging  in  age  from  the  Upper  Oetaceous 
through  the  Tertiary,  and  nearly  all  European, 
have  been  referred  to  Melastomites,  but  none 
of  these  are  especially  close  to  Melastomites 
americanus.  A  single  small  leaf  from  Puryear 
is  referred  to  this  species,  which  is  present  in 
considerable  abundance  at  the  outcrop  in 
Fayette  County,  occurring  also  along  the  west- 
ern shore  of  the  embayment. 

•Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Lagrange  formation 
(in  beds  of  Wilcox  age),  Piu^year,  Henry 
County,  Tenn.  (collected  by  E.  W.  Berry),  and 
li  miles  west  of  Grand  Jimction,  in  Fayette 
County,  Tenn.  (collected  by  L.  C.  Glenn). 
Wilcox  group,  1 J  miles  northeast  of  Mansfield, 
De  Soto  Parish,  La.  (collected  by  G.  C.  Matson). 

Collections. — U.  S.  National  Museum. 

Order  UMBELL A LE S. 

Family  ABALIACEiB. 

Genus  ARALIA  of  authors. 

Akalia  notata  Lesquereux. 

Plate  XCVII,  figure  4. 

Platanus  dubia.^    Lesquereux,  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Ann.  Rept.  for  1873,  p.  406,  1874. 
Aralia  notata.    Lesquereux,  The  Tertiary  flora,  p.  237,  pi. 
39,  figs.  2-4,  1878. 

Ward,  U.  S.  Geol.  Survey  Bull.  37,  p.  60,  pi.  27,  fig.  1, 
1887. 

Ward,  U.  S.  Nat.  Mue.  Proc.,  vol.  11,  p.  40,  pi.  17, 
fig.  1,  1888. 

(?)  Lesquereux,  U.  S.  Nat.  Mus.  Ptoc.,  vol.  11,  p.  20, 
1888. 

Knowlton,  U.  S.  Geol.  Survey  Mon.  32,  pt.  2,  p.  745, 
pi.  100,  fig.  1,  1899. 

Knowlton,  Torrey  Bot.  Club  Bull.,  vol.  29,  p.  706, 
1902. 

(?)  Penhallow,  Roy.  Soc.  Canada  Trans.,  ser.  2,  vol.  8, 
sec.  4,  p.  70,  1902. 

1  The  name  dii^ia  in  combination  with  Aralia  l3  preoccupied  by  a 
European  Tertiary  species  so  named  by  Schimper  In  1874  (Pal^n- 
tologie  v^g^tale,  vol.  3,  p.  35). 
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be  distinguished ;  easily  seen  with  magnification; 
angles  of  divergence  of  the  secondaries  open, 
about  50®  to  55®.  Tertiaries  immersed  in  the 
thick  leaf  substance. 

This  coriaceous  little  leaf  by  its  size,  texture, 
and  especially  its  venation  is  referable  to  the 
genus  Myrcia.  It  is  markedly  different  from 
the  larger  lanceolate-acuminate  Myrcia  vera 
Berry  from  the  deposits  of  Wilcox  age  at  Pur- 
year  or  from  the  linear-lanceolate  Myrcia  ben- 
tonensis  Berrv  from  the  Wilcox  of  Arkansas. 
It  somewhat  resembles  a  form  from  the  Ter- 
tiary of  Ecuador  described  by  Engelhardt* 
as  Pterogyne  oblongifolia,  European  Tertiary 
forms  of  this  type  are  often  referred  to  the 
oriental  myrtaceous  genus  Metrosideros  R. 
Brown. 

Ocaimence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry), 

Collection. — U.  S.  National  Museum. 

Myrcia  grenadensis  Berry,  n.  sp. 

Plate  XCI,  figure  3. 

Description. — Leaves  small,  narrowly  elon- 
gate-lanceolate, somewhat  inequilateral  and 
falcate  in  general  outline,  widest  near  the  mid- 
dle and  gradually  narrowuig  to  the  equally  ex- 
tended and  acuminate  apex  and  base,  both  of 
which  are  somewhat  inequilateral.  Length 
about  4  centimeters.  Maximum  width  about 
4.5  millimeters.  Margins  strict  and  entire. 
Texture  coriaceous.  No  petiole  is  differenti- 
ated, as  the  gradually  narrowing  margins  ex- 
tend to  the  point  of  attachment  of  the  leaf  as 
petiolar  wings.  Midrib  very  stout  through- 
out its  length,  curved,  relatively  prominent  on 
the  lower  surface  of  the  leaf,  longitudinally 
striated.  Secondaries  thin,  largely  immersed 
in  the  substance  of  the  leaf;  numerous  thin 
pairs  diverge  from  the  midrib  at  angles  of 
about  65®  at  intei-vals  of  1  to  2  millimeters; 
they  pursue  a  nearly  straight  course  to  the 
aerodrome  vein  which  closely  parallels  each 
margin. 

This  species  is  readily  separable  from  the 
other  Wilcox  species  that  have  been  referred 
to  this  genus  by  its  narrow  and  elongate- 
lanceolate  form  and  its  acuminate  apex  and 
base.     Among  these  species  it  is  most  similar 

»  En|;elliardt,  Hermann,  Senckenbergische  imturf.  Gesell.  Abh.,  vol 
19,  p.  2.  pi.  2,  Qgs.  21,  22,  1895. 


to  Myrcia  vera  Berry  but  differs  in  it«  relatively 
narrower,  more  elongate  fonn  and  its  narrower 
more  extended  base.  Its  secondaries  are  less 
numerous  than  those  of  the  smaller  leaves  of 
Myrcm  hentonends  Berry  and  in  addition  it 
differs  in  having  an  acuminate  tip  instead  of 
an  obtuse  tip.  Among  previously  described 
species  in  other  genera  the  species  under  dis- 
cussion is  almost  identical  in  size  and  outline 
with  Eugenia  densinervia  (Lesqueroux)  Berry, 
which  comes  from  the  upper  part  of  the  beds 
of  Wilcox  age  at  Somerville,  Tenn.  In  well- 
preserved  material  there  is  no  danger  of  con- 
fusing the  two,  as  the  venation  is  very  different, 
Eugenia  densinervia  having  anastomosing  veins 
and  lacking  the  marginal  veins.  A  number  of 
existing  species  of  Mj^cia  have  leaves  very 
similar  to  those  of  this  fossil  species. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Myrcia  puryearensis  Berry,  n.  sp. 

Plate  XCI,  figures  1  and  2. 

Description. — Leaves  relatively  short,  ovate 
in  outline,  the  tip  narrowed  and  acuminate  and 
the  base  abruptly  pointed.  Length  about 
4.5  centimeters.  Maximum  width,  at  or  below 
the  middle,  about  1.7  centimeters.  Margins 
entire.  Texture  subcoriaceous.  Petiole  stout, 
tumid  proximad,  about  4.5  millimeters  in 
length.  Midrib  stout,  prominent,  curved.  Sec- 
ondaries thin,  numerous,  subparallel,  more  or 
less  immersed  in  the  leaf  substance;  they  di- 
verge from  the  midrib  at  angles  of  about  65°  at 
intervals  of  about  1.5  millimeters,  running 
with  but  slight  or  no  curvature,  some  of  them 
forked,  ending  in  a  marginal  vein  which  runs 
along  the  extreme  margin  of  the  leaf.  Tertiaries 
mostly  immersed,  straight,  joining  the  sec- 
ondaries at  very  acute  angles. 

This  characteristic  species  is  sparingly  repre- 
sented in  the  collections.  As  far  as  known  the 
leaves  are  invariably  inequilateral,  one  side  of 
the  lamina  being  distinctly  wider  and  fuller 
than  the  opposite  side.  Among  the  other 
Wilcox  species  of  Myrcia  it  is  somewhat  larger 
and  much  wider  than  Myrcia  parvifolia-  Berry 
or  Myrcia  worthenii  (Lesquereux)  Berry.  It  is 
much  shorter  and  wider  than  the  lanceolate- 
leafed    Myrcia   vera   Berry   or   the   elongated 
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linear-leafed  Myrda  ientonensis  Berry.  It  is 
very  close  to  a  number  of  existing  species  of 
Myrcia  and  may  be  compared  with  the  leaves  of 
Myrda  rostrata  De  CandoUe.  With  the  excep- 
tion of  the  produced  acumen  of  the  modem 
species  the  fossil  is  closely  comparable  with 
the  tropical  American  Myrcia  terehinihacea 
Popp,  figures  of  the  leaves  of  which  are  given 
by  Ettingshausen.*  It  also  greatly  resembles 
a  form  described  by  Engelhardt'  as  Myrcia 
antedUuviana  from  the  Tertiary  of  Ecuador. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — U.  S.  National  Museum. 

Mtrcia  bentonensis  Berry. 

Plate  XC,  figures  7-9. 

Quercus  retracta.    Lesquereux  (in  part),  Am.  Philoe.  Soc. 
Trans.,  vol.  13,  p.  416,  pi.  16,  fig.  4  (not  fig.  5),  1869. 
Knowlton,  in  Harris,  G.  I).,  Arkansas  Geol.  Survey 
Ann.  Rept.  for  1892,  vol.  2,  p.  56,  1894. 

Description, — Leaves  linear-lanceolate  in  out- 
line, the  apex  bluntly  pointed  or  roimded,  and 
the  base  narrowly  pointed.  Length  ranges 
from  7  to  12  centimeters.  Maximum  width, 
in  the  middle  part  of  the  leaf,  ranges  from  0.7 
centimeter  to  1.5  centimeters.  Margins  en- 
tire. Texture  coriaceous.  Petiole  short  or 
wanting.  Midrib  stout.  Secondaries  thin,  nu- 
merous, regularly  spaced  at  intervals  of  about 
1.5  millimeters,  diverging  from  the  midrib  at 
angles  of  60®  to  70°,  straight  in  their  course, 
their  tips  joined  by  a  thin  aerodrome  vein  close 
to  and  parallel  with  the  margin. 

This  species  was  based,  in  the  first  instance, 
on  a  single  specimen,  collected  many  years  ago 
at  Benton,  Ark.,  by  R.  E.  Call  for  the  Arkan- 
sas Geological  Survey.  It  was  subsequently 
discovered  at  several  localities  along  the  east- 
em  shore  of  the  Mississippi  embayment  in  Mis- 
sissippi and  Tennessee  and  survives  the  Wilcox, 
being  present  in  the  St.  Maurice  formation 
(lower  formation  of  Claiborne  group)  of  Cleve- 
land County,  Ark. 

It  suggests  fossil  forms  that  have  been  re- 
ferred to  the  genera  Eucalyptus,  Nerium,  Ficus, 
and  Apocynophyllum,  but  appears  to  be  most 
like  the  genus  Myrcia,  which  has  so  many  ex- 

1  Ettingshatisen,  C.  von,  Die  Blattskelete  der  Diootyledonen,  p.  195, 
1101.206.210. 18C1. 

*  Engelhardt,  Uennann,  Senckenberglsche  naturf.  OomIU  Abh.,  vol. 
19,  p.  17,  pL  15,  fl«.  15,  1^95. 


isting  species  in  the  American  Tropics.  It  may 
be  compared  with  certain  existing  species  of 
Myrcia.  Among  fossil  forms  it  is  similar  to 
Nerium  parisiense  Saporta,'  from  the  middle 
Eocene  (Lutetian)  of  the  Paris  Basin.  It  is 
also  much  like  the  Myrcia  from  the  Green  River 
formation,  which  Newberry  ^  identified  as  Salix 
angusta  and  which  may  be  a  descendant  of  this 
southern  Eocene  form. 

Occurrence, — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N.  Lowe 
and  E.  W.  Berry).  Ackerman  formation,  Hur- 
leys, Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  Hilgard). 
Holly  Springs  sand,  Oxford  ravine,  Lafayette 
County  (common),  Miss,  (collected  by  E.  W. 
Berry).  Wilcox  group,  Benton,  Saline  Coimty, 
Ark.  (collected  by  R.  E.  Call).  Lagrange  for- 
mation (in  beds  of  Wilcox  age),  Puryear,  Henry 
Coimty  (collected  by  E.  W.  Berry),  and  IJ  miles 
west  of  Grand  Junction,  in  Fayette  County, 
Tenn.  (collected  by  L.  C.  Johnson). 

Collections, — U.  S.  National  Museum. 

Genus  EUGENIA  Linii^. 

Eugenia  densinervia  (Lesquereux). 

Salix  (f)  densinervis.    Lesquereux,  Am.  Jour.  Sci.,  2d  eer., 

vol.  27,  p.  364,  1859. 
Lesquereux,  in  Safford,  J.  M.,  Geology  of  Teimeesee, 

p.  427,  pi.  K,  fig.  9,  1869. 
Loughridge,  Report  on  the  geological  and  economic 

features  of  the  Jackson's  purchase  region,  p.  197, 

fig.  9,  1888. 

Description, — Leaves  narrowly  lanceolate  in 
general  outline,  slightly  falcate,  gradually  nar- 
rowed from  the  middle  to  the  acuminate  apex 
and  the  equally  pointed  base.  Length  about 
5.5  centimeters.  Maximum  width,  midway  be- 
tween the  apex  and  base,  about  4.5  millimeters. 
Margins  entire.  Texture  subcoriaceous.  Peti- 
ole missing.  Midrib  stout,  curved,  and  promi- 
nent. Secondaries  very  thin,  numerous,  closely 
spaced,  diverging  from  the  midrib  at  angles  of 
about  35°,  connected  by  oblique  nervilles  of  the 
same  caliber  as  the  secondaries,  giving  them  the 
appearance  of  inosculating. 

This  species  is  based  on  the  form  described 
by  Lesquereux  as  a  Salix,  although  he  queried 
this  generic  determination  and  says  that  when 

s Saporta,  G.  de,  Le  monde des plantes  avant  rapparition  de I'homme, 
p.  227,  fig.  46,  1879. 

« Newberry,  J.  S.,  U.  S.  Qeol.  Survey  Mon.  35,  p.  54,  pi.  65,  flg.  2, 1898, 
HollJck  in  a  footnote  on  p.  55  calls  attention  to  the  Eucalyptua-like 
venation  of  this  form. 
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better  material  is  found  the  plant  will  probably 
be  referred  to  another  genus.  Although  no 
new  material  has  been  obtained  in  subsequent 
collections,  I  have  ventured  to  transfer  this 
form  to  the  genus  Eugenia,  with  which  in  my 
judgment  it  shows  the  greatest  afl^ty.  It  is 
much  narrower  and  more  elongated  than  the 
associated  Eugenia  hilgardiana  Berry.  Other 
Wilcox  plants  which  resemble  the  present  spe- 
cies are  Sapindus  linearifolius  Berry  and  Myr- 
da  bentonensis  Berry.  Both  are  somewhat 
larger  and  differ  decidedly  in  their  venation 
characters. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Somerville,  Fayette  County,  Tenn. 
(collected  by  J.  M.  Safford). 

Collection. — ^Location  of  type  unknown. 

Eugenia  hilqabdiana  Berry,  n.  sp. 

Plate  XC,  figure  6. 

Sapindus  undulatiLs  Alexander  Braun.  Lesquereux, 
Am.  Philoe.  Soc.  Trana.,  vol.  13,  p.  420,  pi.  22, 
fig.  6,  1869. 

Description. — ^Leaves  small,  ovate-lanceolate 
in  outline,  the  apex  narrowed  and  bluntly 
pointed  and  the  base  rather  narrow  and  cune- 
ate.  Length  about  4  centimeters.  Maximum 
width,  in  the  lower  half  of  the  leaf,  about  1.5 
centimeters.  Margins  entire,  slightly  wavy 
and  markedly  re  volute.  Texture  very  thick 
and  coriaceous.  Petiole  if  present  very  stout, 
not  preserved.  Midrib  extremely  stout,  curved, 
prominent  on  the  lower  surface.  Secondaries 
rather  stout,  thin  compared  with  the  midrib, 
more  or  less  immersed  in  the  thick  leaf  sub- 
stance; five  or  six  subopposite  pairs  diverge 
from  the  midrib  at  acute  angles  of  about  30®, 
pursuing  a  nearly  straight  ascending  course, 
subparaUel,  the  lower  pairs  parallel  with  the 
lower  margins  of  the  leaf,  all  curving  approxi- 
mately parallel  with  the  lateral  margins  toward 
their  camptodrome  tips. 

This  species  is  based  on  the  single  specimen 
collected  by  Prof.  Hilgard  half  a  century  ago 
and  identified  by  Lesquereux  with  Sapindus 
undulatus  Alexander  Braun,  with  which  it  has 
practically  nothing  in  common.  The  iUustra- 
tion  of  the  type  specimen  given  in  Plate  XC, 
figure  6,  brings  out  its  true  character  and  shows 
its  thick  form  and  revolute  margins.  It  is 
named  in  honor  of  E.  W.  Hilgard,  the  veteran 
southern  geologist  who  did  such  a  large  amount 
of  most  excellent  and  lasting  pioneer  work  on 


the  geology  of  our  Southern  States.  The  genus 
was  named  by  Linn6  in  commemoration  of 
Prince  Eugene  of  Savoy,  an  early  patron  of 
botany,  and  by  an  unintentional  combination 
serves  also  to  commemorate  the  Christian  name 
of  the  geologist  to  whom  the  present  species  is 
dedicated. 

Eugenia  hilgardiana  can  scarcely  be  distin- 
guished from  some  of  the  leaves  of  three  of  the 
existing  species  that  reach  southern  Florida — 
Eugenia  axillaris  Willdenow,  Eugenia  rhomhea 
Krug  and  Urban,  and  Eugenia  confusa  De  Can- 
do]^,  all  coastal  tropical  jforms. 

The  genus  comprises  several  himdred  exist- 
ing species  (about  500  according  to  Sai^ent) 
and  is  common  in  the  Tropics  of  both  the  East- 
em  and  Western  hemispheres,  with  littoral 
species  in  both  regions. 

Occurrence. — ^Ackerman  formation.  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  Hilgard). 

Collection. — ^U.  S.  National  Museum. 

Eugenia  puryearensis  Berry,  n.  sp. 

Plate  XC,  figures  11  and  12. 

Description. — ^Leaves  small,  elliptical-ovate 
and  somewhat  inequilateral  in  general  out- 
line, sessile,  widest  near  the  middle  and 
tapering  about  equally  distad  and  proximad. 
Tip  bluntly  pointed.  Base  broadly  cuneate. 
Length  about  2  centimeters.  Maximum  width 
about  11.5  millimeters;  the  lamina  on  one  side 
of  the  ihidrib  at  least  2  millimeters  wider  than 
that  on  the  opposite  side.  Midrib  extremely 
stout  and  prominent  at  the  base,  longitudinally 
striated,  1.5  to  2  miUimeters  in  diameter,  taper- 
ing rapidly  upward  imtil  it  is  not  at  all  promi- 
nent and  scarcely  discernible  in  the  tip.  Mar- 
gins entire  and  full,  especially  on  the  broader 
side  of  the  lamina.  Texture  very  coriaceous. 
Secondaries  and  tertiaries  entirely  immersed  in 
the  thick  substance  of  the  leaf. 

This  small-leafed  species  is  well  character- 
ized and  is  apparently  referable  to  the  genus 
Eugenia.  Among  the  other  Wilcox  species  of 
Eugenia  it  shows  considerable  resemblance  to 
Eugenia  hilgardiana  Berry  but  differs  in  its 
less  elongate  form  and  smaller  size  and  in  lack- 
ing the  prominent  ascending  secondaries  of  that 
species.  It  comes  from  a  higher  horizon  in  the 
Wilcox  than  Eugenia  hilgardiana^  and  like  it 
seems  to  be  of  rare  occurrence. 
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Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — U.  S.  National  Museum. 

Eugenia  orenadensis  Berry,  n.  sp. 

Plate  XCI,  figures  4  and  5. 

Description. — Leaves  medium  sized  for  this 
genus,  lanceolate  in  general  outline,  widest  at  or 
slightly  below  the  middle,  from  which  point 
they  taper  almost  equally  in  both  directions  in 
the  smaller  leaves,  although  in  the  larger  loaves 
the  base  is  wider  than  the  tip.  Apex  abruptly 
pointed.  Base  cuneate.  Length  ranges  from 
5.5  to  7  centimeters.  Maximum  width,  at  or 
slightly  below  the  middle,  ranges  from  1.5  to 
2  centimeters.  Margins  entire,  invariably 
somewhat  irregularly  undulate  m  the  material 
collected.  Texture  coriaceous.  Petiole  short, 
very  stout,  and  much  curved,  about  3  milli- 
meters in  length.  Midrib  stout  throughout  its 
length,  prominent.  Secondaries  numerous, 
thin,  brochidodrome;  they  diverge  from  the 
midrib  at  acute  angles  of  about  35°  and  curve 
but  slightly  in  their  ascending  course,  being 
scarcely  distinguishable  from  the  tertiaries  and 
not  at  all  differentiated  in  the  upper  part  of 
the  leaf.  Tertiaries  thin,  forming  a  close-set 
ascending  transverse  areolation. 

This  species  is  well  distinguished  among  the 
Wilcox  species  of  Eugenia,  being  longer  and 
narrower  than  Eugenia  Jiilgardiana  Berry,  which 
also  differs  in  its  thicker  midrib,  fewer,  stouter 
secondaries,  and  tertiary  areolation.  The  other 
Wilcoxspecies,£tfc^^mad^n«i7i^n;ia(Lesquereux) 
Berry,  is  a  small  linear-lanceolate  falcate  form 
quite  unlike  Eugenia  grenadenms.  Tlie  leaves  of 
a  number  of  existing  species  of  Eugenia  closely 
resemble  those  of  the  fossil  species.  Those  that 
reach  our  southern  coast  are  as  a  rule  relatively 
wider,  but  Eugenia  confusa  De  CandoUe  is  not 
very  dissimilar  from  the  fossil  form. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N.  Lowe 
and  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Genus  CALYPTRANTHES  Swartz. 

Calyptrantiies  eocenica  Berry,  n.  sp. 

Plate  XC,  figure  5. 

Description. — Rigid  coriaceous  leaves,  ellip- 
tical or  ovate  in  outline,  the  base  broadly  cune- 
ate or  rounded,  and  the  tip  acute  and  not  ex- 
tended.    Length  about  7  centimeters.    Maxi- 


mum width,  in  the  middle  part  of  the  leaf, 
about  3.5  centimeters.  Midrib  rather  stout. 
Secondaries  thin,  numerous,  close  set,  subpar- 
aUel,  in  places  forked  and  anastomosing;  they 
diverge  from  the  midrib  at  wide  angles  and  pur- 
sue a  nearly  straight  course  almost  to  the  mar- 
gin, where  their  ends  are  joined  by  a  marginal 
vein  parallel  with  the  entire  margin. 

This  characteristic  new  species  resembles  a 
number  of  existing  American  genera  of  the  Myr- 
tacese  as  well  as  several  West  Indian  species  of 
Sapotacese,  especially  of  the  genus  Chrysophyl- 
lum.  It  also  resembles  several  species  of  the 
myrtaceous  genus  Aulom^Tcia  Berg  (Myrcia 
De  CandoUe)  from  tropical  South  America,  but 
is  especially  close  to  certain  species  of  Calyp- 
tranthes,  particularly  Calyptranthes  syzygium 
(Linn6)  Swartz,  which  is  a  shrub  or  small  tree 
20  or  30  feet  in  height  ranging  from  sea  level  to 
the  mountains  in  rich  woods  on  the  West  In- 
dian islands,  and  mostly  an  upland  form. 
Some  modem  students  refer  it  to  the  allied 
genus  Chytraculia  R.  Brown.  The  fossil  is 
near  the  maximum  in  size  of  the  leaves  of  this 
species  and  except  for  its  more  sharply  pointed 
tip  is  identical  with  the  leaves  of  this  recent 
species  in  all  its  characters. 

Among  previously  described  fossil  forms  it  is 
perhaps  most  like  the  somewhat  smaller  Myrtus 
rectinervis,  which  is  described  by  Saporta* 
from  the  Oligocene  (Tongrian)  of  St.  Zacharie 
in  southeastern  France. 

The  genus  Calyptranthes  appears  to  be  an 
early  branch  of  the  Eugenia-Mjo-cia  plexus, 
supposed  to  have  been  largely  developed  in  the 
American  tropics  during  the  Cretaceous.  As 
treated  by  Niedenzu^  it  comprises  about  70 
species,  ranging  from  Mexico  and  the  West  In- 
dies to  southern  Brazil.  Several  insular  forms 
have  been  referred  to  this  genus  on  evidence 
which  I  believe  is  insufficient.  These  are  3  forms 
from  the  Fiji  Islands,  1  from  Africa  and  Mauri- 
tius, and  1  from  Java.  With  these  exceptions 
the  genus  is  entirely  American  in  the  existing 
flora.  An  undescribed  fossil  species  is  present 
in  the  Oligocene  of  the  Isthmus  of  Panama. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry) . 

Collection. — U.  S.  National  Museum. 

1  Saporta,  G.  de,  Etudes  sur  la  v^^^tation  du  stid-est  de  la  France  k 
lYpoque  tertlaire,  vol.  1,  p.  251,  pi.  11,  Hg.  5,  imSi. 
*  Engler,  A.,  and  PranU,  K.,  Die  naturlichen  Ptlanzenfamlllen,  1893. 
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Magnolia  lauri/olia.    Lesquereux  (in  part),  U.  S.  Nat. 

Mufl.  Proc.,  vol.  11,  p.  25,  1888. 
Aralia,  fragment.    Lesquereux,  idem,  p.  25,  1888. 
(?)  Aralia  sp.    Knowlton,  U.  S.  Geol.  Survey  Bull.  204, 

p.  81,  1902. 

Description, — ^The  materials  on  which  the 
original  description  of  this  species  was  based 
came  from  strata  since  referred  to  the  Denver 
formation  in  Colorado  and  the  Fort  Union  for- 
mation in  Montana.  From  the  first  they  were 
more  or  less  confused  with  similar  large  lobate 
leaves  showing  more  or  less  toothed  margins 
and  more  or  less  craspcdodrome  venation,  of  a 
type  usually  regarded  as  platanoid.  There  can 
be  but  little  question  that  this  species  is  not  the 
same  as  Platanus  nohUis.  Whether  or  not  the 
forms  are  related  to  the  Araliacese  can  not  be 
settled  at  present.  They  may  represent  genera 
of  Platanales,  which  order  seems  really  to  be 
closely  related  to  the  Urticales  rather  than  to 
the  Rosales,  or  they  may  be  referable  to  the 
order  Malvales.  I  have  described  a  form  rather 
similar  to  Aralia  notata  from  the  Midway  (?) 
formation  of  Earle,  Tex.,  which  I  have  referred 
to  the  genus  Pourouma. 

Aralia  Tiotaia  is  at  present  known  from  only 
a  few  localities  in  the  Wilcox,  where  it  is  but 
sparingly  represented.  The  materials  repre- 
sent a  leaf  about  22  centimeters  in  length  by 
about  the  same  width  from  tip  to  tip  of  the 
lateral  lobes.  The  leaves  are  palmately  tri- 
veined  and  trilobate,  subcoriaceous  in  texture, 
the  margins  strictly  entire;  stout  primaries  are 
prominent  on  the  lower  surface  of  the  leaf;  the 
numerous  rather  close  set,  well-defined  sub- 
parallel  secondaries  are  characteristically  camp- 
todrome  close  to  the  margins. 

This  is  an  abimdant  Denver  and  Fort  Union 
species,  and  the  Wilcox  material  is  identical 
with  that  from  the  Rocky  Moimtain  region, 
except  that  the  lobes  are  slightly  more  slender 
but  not  more  so  than  in  some  of  the  western 
specimens.  Two  specimens  were  collected 
from  a  locality  near  Mansfield,  La.,  by  L.  C. 
Johnson  and  submitted  to  Lesquereux.  One 
of  these  (U.  S.  Nat.  Mus.  No.  2431,  Lesque- 
reux's  No.  806)  was  identified  as  ''Aralia,  frag- 
ment.'' The  other  (U.  S.  Nat.  Mus.  No.  2516, 
Lesquereux*s  No.  804)  was  mistakenly  re- 
ferred to  Magnolia  laurifolia. 

Occurrence, — Wilcox  group,  Hardys  Mill,  near 
Gainesville,  Greene  County,  Ark.  (collected  by 
John  C.  Branner),  and  McLees,  2  miles  north 


of  Mansfield,  De  Soto  Parish,  La.  (collected  by 
L,  C.  Johnson). 

Collections. — ^U.  S.  National  Museum. 

Aralia  acerifolia  Lesquereux. 

Aralia  acerifolia,  Lesquereux,  The  CretaceouB  and  Terti- 
ary florae,  pp.  232,  265,  pi.  49,  fig.  5;  pi.  45b,  fig.  1, 
1883. 

Description. — Lesquereux's  description,  pub- 
lished in  1883,  is  as  follows: 

Leaves  small,  palmately  three-lobed,  broadly  rounded 
at  base;  lobes  oblong,  enlarged  in  the  middle,  gradually 
narrowed  to  the  obtuse  sinuses,  contracted  above  and  lan- 
ceolate to  a  blunt  point,  entire;  primary  nerves  compara- 
tively strong;  lower  secondary  nerves  at  right  angles,  the 
upper  very  open  and  curved  in  passing  toward  the  borders, 
camptodrome. 

A  single  fragmentary  specimen  of  what  is 
almost  certainly  this  species  was  collected  at 
Grenada.  It  is  identical  in  size,  caliber,  and 
character  of  the  venation  and  has  the  same 
broadly  rounded  base,  basilar  primaries,  and  a 
marginal  secondary  on  each  side  from  the  base 
of  the  latoral  primaries. 

This  species  was  described  by  Lesquereux 
from  the  Fort  Union  formation  of  Dakota,  and 
in  a  supplementary  part  of  the  same  volume  he 
records  it  from  the  Chalk  Bluffs  of  California, 
which  are  of  Miocene  age  according  to  Knowl- 
ton. There  are,  however,  certain  differences 
between  the  forms  from  California  and  Dakota, 
and  they  may  not  be  identical.  The  name 
does  not  appear  in  Kjiowlton's  recently  pub- 
lished revision  *  of  the  flora  of  the  auriferous 
gravels  of  California,  so  that  it  is  not  consid- 
ered a  member  of  that  flora  at  the  present 
time.  The  specimen  from  Mississippi,  how- 
ever, is  identical  with  the  type  of  the  species 
from  Dakota. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Aralia  jorqenseni  Heer  (?). 

Aralia  Jorgenseni,  Heer,  Flora  foasiliB  arctica,  vol.  7, 
p.  116,  pi.  101,  fig.  1,  1883. 

Description. — ^Leaves  palmately  trilobate, 
divided  almost  to  the  base  by  deep  narrow 
sinuses.  Tips  acute.  Base  cuneate,  decur- 
rent.     Margins  entire.     Lobes  elongate-lanceo- 

1  Knowlton,  F.  H.,  In  Llndgren,  Waldemar,  U.  8.  Oeol.  Survey  Prof. 
Paper  73,  pp.  57-64, 1911. 
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late,  the  two  lateral  lobes  inequilateral,  the 
median  lobes  narrowed  at  the  base.  Petiole 
stout.  Primaries  three,  suprabasilar,  diverg- 
mg  at  angles  of  about  30°  to  35°.  Secondaries 
thin,  mostly  immersed,  their  tips  united  by  flat 
camptodrome  arches.     Tertiaries  obsolete. 

This  species  was  described  by  Heer  from  the 
Tertiary  of  Unartok,  western  Greenland,  and 
among  other  forms  compared  with  Aralia 
primigenia  De  la  Harpe,  which  occurs  at  Monte 
Bolca,  Italy,  and  Alum  Bay,  England.  Heer 
considered  the  Arctic  plant-bearing  beds  to  be 
of  Miocene  age,  but,  as  shown  by  Gardiner  and 
Saporta  and  now  generally  admitted,  they  are 
of  middle  or  upper  Eocene  age.  The  occur- 
rence of  this  species  in  Mississippi  is  queried, 
since  it  is  unfortimately  based  on  a  single  in- 
complete specimen,  which,  however,  agrees 
closely  with  the  form  from  Greenland  and  is 
almost  certainly  that  species. 

Of  much  interest  in  the  present  connection 
is  the  resemblance  of  this  species  to  forms 
occurring  in  the  Dakota  sandstone  of  the  West 
and  the  Woodbine  sand  of  Texas  and  described 
as  Sterculia  luguhris  Lesquereux.  It  would 
seem  that  Aralia  jorgenseni  Heer  is  a  descend- 
ant of  Sterculia  luguhris,  and  the  difference  in 
age  between  the  Wilcox  and  the  Tertiary  of 
western  Greenland  would  measure  the  interval 
of  time  that  was  occupied  by  this  species  in  its 
northward  migration  during  Eocene  time. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  Coimty,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry). 

Collection, — ^U.  S.  National  Museimi. 

Genus  OREOPANAX  Decaisne  and  Planchon. 

Okeopanax  oxfordensis  Berry,  n.  sp. 

Plate  XCVIII,  figures  1-5. 

Description. — Leaves  large,  digitately  com- 
pound. Leaflets  three  to  seven,  radiating  in  a 
more  or  less  peltate  manner  from  the  apex  of 
a  long  stout  petiole  about  15  centimeters  in 
length  and  about  4  milUmeters  in  diameter, 
enlarged  at  the  base  and  apex.  Leaflets  ovate- 
lanceolate  in  outhne,  many  of  them  falcate, 
diflFering  in  number,  size,  and  relative  width. 
They  range  from  7  to  11  centimeters  in  length 
and  from  1  to  3  centimeters  in  maximum 
width  in  the  basal  half  of  the  leaflet.  Apex 
gradually  narrowed  and  more  or  less  obtusely 
pointed.     Base  rounded  to  narrowly  cimeate. 


more  or  less  fuU  and  as  a  rule  somewhat 
inequilateral.  Margins  variable,  in  some  speci- 
mens entire  and  slightly  undulate,  but  serrate- 
toothed  in  most  of  the  specimens  collected. 
The  margins  of  the  serrate-toothed  specimens 
are  entire  below  upward  to  or  beyond  the  point 
of  greatest  width  of  the  leaflet,  and  then  irregu- 
larly spaced  and  more  or  less  distant  serrate 
teeth  appear,  separated  by  rounded  open 
inequilateral  sinuses  for  the  rest  of  the  distance 
to  the  apex.  In  other  specimens  the  margins 
are  entire  more  than  halfway  to  the  apex  and 
bear  scattered  teeth  distad,  and  in  stiU  other 
specimens  the  teeth  are  relatively  numerous 
nearly  down  to  the  base.  Leaflets  petiolulate. 
Petiolules  stout,  channeled,  turgid  at  the 
point  of  attachment,  1  to .  2  centimeters  in 
length.  Midrib  stout,  more  or  less  curved. 
Secondaries  thin;  about  seven  subopposite  to 
alternate  pairs  branching  from  the  midrib  at 
angles  of  about  45°  and  sweeping  upward  in 
broad  even  curves,  eventually  camptodrome, 
sending  short  branches  into  the  marginal  teeth. 
Tertiaries  obsolete.     Texture  coriaceous. 

This  remarkably  handsome  species  is  clearly 
distinct  from  any  hitherto  known  outside  of  the 
existing  flora.  Its  general  proportions  are  well 
shown  in  the  accompanying  drawing  (fig.  16), 
which  is  a  greatly  reduced  restoration  of  a  com- 
plete leaf  of  this  form.  No  part  of  this  restora- 
tion is  conjectural,  however,  for  though  the 
actual  fossil  material  is  fragmentary  it  is  very 
abundant  and  all  parts  of  the  large  compound 
leaves  are  represented  by  actual  specimens, 
some  of  the  more  complete  of  which  are  repro- 
duced from  photographs  in  Plate  XCVIII.  A 
fragment  from  Benton,  ^Vrk.,  is  somewhat 
doubtfully  identified  as  this  species. 

This  species  belongs  to  the  section  Digitatse 
of  Harms,  which  embraces  several  existing 
species  of  the  uplands  of  Mexico  and  Central 
America,  and  is  especially  close  to  Oreopanax 
xalapensis  (Humboldt,  Bonpland,  and  Kimth) 
Decaisne  of  Mexico  and  also  to  Oreopanax 
tauhertianus  Donnell  Smith  of  the  moimtains  of 
Guatemala,  which  is  almost  identical  with  the 
fossil  form  and  has  leaves  composed  of  different- 
sized  leaflets  that  may  be  entire  margined  or 
toothed.  The  leaves  range  somewhat  larger 
than  the  Wilcox  species  and  the  leaflets  are 
relatively  wider.  With  the  exception  of 
these  slight  variations  the  similarity  between 
the  Eocene  and  the  modern  species  is  most 
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remarkable.  The  digitate  species  of  Oreopanax  are  very  much  like  those  of  Oreopanax.  Sub- 
grade  imperceptibly  into  the  lobate  forma  sequent  to  ita  original  description  Velenovsky 
which  are  commoner  than  the  former  in  Cen-  transferred  Aralia  coriacea  to  the  genus  Dcwal- 
tral  America  and  are  also  abimdant  in  tropical  quea,'  although  his  attempted  restorations  are 
South  America.  The  genus  Macropanax  Miquel  not  particularly  happy.  The  Bohemian  species 
embraces  three  or  four  species  of  tho  Malayan  has  been  recognized  by  Engelhard  t'  in  the  Upper 
r^ion  which  also  somewhat  resembles  Oreo-  Cretaceousof  Saxonyand  byHollick*  in  that  of 
panax  oxfordenaia.  eastern  North  America,  but  the  American  mate- 


The  only  antecedent  form  worth  mentioning 
in  the  present  connection  is  Aralia  coriacea, 
described  by  Velenovsky  '  from  tho  Ccnoma- 
nian  of  Bohemia.  In  the  discussion  of  Bom- 
hadteaformosus  Berry  I  have  already  mentioned 
the  ressmblance  of  the  wider  leaves  of  Aralia 
coriacea  to  Bombacites.     The  narrower  leaves 

1  VelBnoTSky,  Josef,  Die  Flora  derbOhmischen  Kreldelormalloii.pl,  3, 
p,  11,  pi.  1,  flis.  1-9:  pi.  i,  a.s.  2, 1»S1. 


oifoidintii  Berry.    (One-lialr  nabiral  sl».) 

rial  ia  not  very  convincing,  so  that  there  is  con- 
siderable doubt  in  the  su^ostion  that  Aralia  co- 
riocea  may  bo  ancestral  to  Oreopaiwucoz/ortieTieia, 
Occurrejw*.— HoCy  Springs  sand,  railroad  cut 
(common),    ravine    (rare)    Oxford,    Lafayette 


*.  Ogs.  i-«. 


•  VelMiavsLy,  )os«[,  KvIUna  Cesk^ho  cenamsni 

■EngdbBrdt,  Htnnann,  NaturwlaB.  Guall.  Isis  In  Dnadpn    Abto., 
189t,  Abb.  7,  p.  W. 
<  Hollick,  Artbur,  U.  9.  OeoL  Survej'  Uon.  SO,  p.  <N,  pi.  Si,  figs.  5,  5, 


UMBELLALES. 


331 


County,   Miss,    (collected  by  E.   W.   Berry). 
Wilcox  group,  Benton  (Henderson  pit),  Saline 
County,  Ark.  (collected  by  J.  C.  Branner). 
Collections. — ^U.  S.  National  Museum. 

Orec«»anax  minor  Berry,  n.  sp. 

Plate  XCIX,  figure  1. 

Description, — Leaves  relatively  small,  digi- 
tately  compound.  Petiole  long  and  stout, 
slightly  tumid  at  the  apex  and  base,  about  6 
centimeters  in  length.  Leaflets  at  least  four, 
and  probably  from  five  to  seven  in  number, 
lanceolate,  with  entire  margins  and  narrowly 
pointed  tips  and  bases,  very  slightly  petiolu- 
late.  Midribs  stout.  Secondaries  thin,  di- 
verging from  the  midrib  at  wide  angles,  curved, 
camptodrome.     Texture  coriaceous. 

This  species  is  unfortimately  based  on  very 
fragmentary  material,  the  most  complete  speci- 
men being  the  one  figured,  which,  though  poor, 
shows  clearly  the  petiole  and  leaf  habit.  The 
rarity  of  this  form  would  indicate  an  inland  or 
upland  habitat,  specimens  now  and  then  being 
brought  down  to  the  basin  of  sedimentation  by 
streams. 

It  is  too  incomplete  to  merit  a  detailed  com- 
parison with  Recent  forms  that  resemble  it  in  a 
general  way.  It  is  readily  distinguishable  from 
the  robust  Oreopanax  oxfordensis  Berry  as  well 
as  from  the  previously  described  fossil  species, 
which  are  mostly  European. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Family  COBNACEiB. 
Genus  CORNUS  Linn^. 

CoRNUs  STiiDERi  Heor  (?). 

Plate  LXVIII,  figure  3. 

Comus  8tuderi.    Heer,*  Flora  tertiaria  Helvetiae,  vol.  3, 

p.  27,  pi.  105,  figs.  18-21,  1859. 
Lesquereux,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 

Kept,  for  1871,  p.  293,  1872. 
I^resquereux,  The  Tertiary  flora,  p.  244,  pi.  42,  figs. 

4,  5,  1878. 
Hollick, in  Harris,  G.  D.,  and  Veatch,  A.  C,  Aprelimi- 

nary  report  on  the  geology  of  Louisiana,  p.  286,  pi. 

45,  fig.  2,  1809. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  68,  pi.  15, 

fig.  3,  1900. 

Description. — Leaves  large,  broadly  ovate  in 
general  outline,  many  of  them  slightly  inequi- 

^  I  have  omitted  all  other  European  citations. 


lateral,  the  tip  somewhat  narrowed  and  acumi- 
nate and  the  base  rounded  or  very  broadly 
pointed.  Margins  entire,  in  some  specimens 
faintly  undulate.  Texture  subcoriaceous. 
Midrib  stout  and  prominent.  Secondaries 
stout;  six  to  nine  pairs,  diverge  from  the  midrib 
at  irregular  intervals  at  angles  of  about  45°, 
camptodrome.  Tertiaries  distinct,  percurrent. 
The  single  Louisiana  specimen  has  a  length  of 
16  centimeters  and  a  maximum  width  mid- 
way between  the  apex  and  the  base  of  8.75 
centimeters. 

This  species  is  represented  in  the  Wilcox 
flora  by  numerous  fragments,  the  single  speci- 
men figured  being  the  most  complete.  It  is 
certainly  identical  with  the  material  described 
by  Lesquereux  from  the  Denver  formation  and 
with  that  described  by  Knowlton  from  the 
Raton  formation.  I  have  queried  the  determi- 
nation, for  its  identity  with  the  type  material 
of  Heer  from  the  Aquitanian  of  Switzerland 
is  extremely  doubtful.  Heor^s  specimen  is  not 
only  much  younger,  but  the  leaves  are  smaller 
and  there  are  minor  differences  of  venation. 
I  imagine  that  it  is  really  a  species  of  Ficus 
instead  of  a  Comus,  and  Schenk  ^  makes  the 
same  suggestion  in  regard  to  the  European 
form.  Rather  than  obscure  its  value  in  cor- 
relation by  transferring  it  to  another  genus, 
especially  as  my  material  is  so  poor,  I  have 
allowed  it  to  remain  in  Comus.  It  may  be 
more  properly  compared  with  the  European 
Paleocene  species  Comus  platyphyUa  Saporta ' 
and  Artocarpoides  conocephaloides  Saporta.* 

Occurrence. — Wilcox  group,  one-fourth  of  a 
mile  above  Coushatta,  Rod  River  Parish,  La. 
(collected  by  G.  D.  Harris  and  E.  W.  Berry), 
and  sec.  28,  T.  13  N.,  R.  12  W.,  and  2  miles 
south  of  Naborton,  De  Soto  Parish,  La.  (col- 
lected by  G.  C.  Matson  and  O.  B.  Hopkins). 

Collections. — U.  S.  National  Museum;  New 
York  Botanical  Garden. 

Genus  NYSSA  Linn^. 
Nyssa  wiLCOXiANA  Berry,  n.  sp. 

Plate  XCIX,  figures  5-7. 

Description. — Stones  medium  sized  to  large, 
terete  or  sUghtly  compressed,  ovate  in  general 
outUne,  widest  in  the  middle,  rounded  at  the 

s  Schenk,  August,  Die  fossilen  Pflanzenreste,  p.  236, 1888. 
3  Saporta,  G.  de,  Prodrome  d'une  flore  fossile  des  travertins  anciens 
de  Suzanne,  p.  103,  pi.  11,  figs.  8,  9, 1868. 
*  Idem,  p.  356,  pi.  6,  fig.  6. 
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base,  acuminate  distad.  Texture  ligneous. 
Surface  ornamented  with  close-set,  narrow, 
longitudinal  ridges.  Length  ranges  from  1.6  to 
2.25  centimeters,  and  width  from  4.5  to,  10.5 
millimeters. 

Nineteen  so-called  species  based  on  Nyssa 
stones  have  been  described  from  the  small 
pocket  of  lignite  at  Brandon,  Vt.  Among 
these  the  present  species  may  be  compared 
with  Nyssa  multicostata  Perkins.* 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry).  Wilcox  group,  4J 
miles  southeast  of  Naborton,  De  Soto  Parish, 
La.  (collected  by  O.  B.  Hopkins). 

Collections. — U.  S.  National  Museum. 

Nyssa  EOLiGNrriCA  Berry,  n.  sp. 

Plate  XCIX,  figure  8. 

Description. — Stones  rather  large,  elhptical 
in  outUne,  rounded  at  both  ends,  slightly 
compressed,  with  numerous  narrow,  close- 
set,  longitudinal  ridges.  Length  about  2.6 
centimeters.  Maximum  width  about  11  mil- 
limeters. 

This  species  is  much  larger  and  more  elhpti- 
cal in  outline  than  Nyssa  wilcoxiana  Berry.  It 
resembles  the  larger  forms  from  Brandon  which 
Perkins '  identified  as  Nyssa  lescurii  Hitchcock, 
although  it  is  not  identical  with  Hitchcock's 
original  form.  It  is  also  much  Uke  an  unde- 
scribed  form  that  is  abundant  in  the  clays  of 
the  Yegua  formation  and  in  the  Catahoula 
sandstone  of  eastern  Texas. 

The  genus  Nyssa  is  represented  in  fossil  floras 
from  the  late  Upper  Cretaceous  onward,  the 
water-side  habit  of  many  of  the  species  and  the 
resistant  nature  of  the  fruit  stones  being  very 
favorable  to  fossilization.  The  genus  com- 
prises five  or  six  species  in  the  existing  flora,  all 
of  which  are  confined  to  southeastern  North 
America  except  one  Asiatic  form,  which  ranges 
from  the  eastern  Himalayas  to  the  island  of 
Java. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 


»  Perkins,  G.  H.,  Vermont  State  Geologist  Rept.  lOfCj-l.p.  197,  pi.  79, 
flg.  103, 1904. 

a  Perkins,  G.  U.,  Vrrmont  State  Geologist  Kept.  1905-6,  pi.  52,  flg.  9, 
1906. 


Superorder  GAMOPETAUB. 

Older  PBIMULALES. 

Family  ITTBSINACEA. 

Genus  ICACOREA  AubleL 

ICACOREA   PREPANICULATA  BeiTy,  U.  sp. 

Plate  C VI I,  figured. 

Description. — ^Leaves  lanceolate  and  many 
slightly  inequilateral  in  general  outline,  widest 
at  or  above  the  middle  and  tapering  to  both 
ends;  the  base  more  narrowly  extended  than 
the  tip,  which  is  .commonly  blunt.  Length 
between  8  and  9  centimeters.  Maximum 
width  about  2.75  centimeters.  Mai^ins  entire, 
slightly  undulate  by  reason  of  a  tendency  to 
be  imevenly  revolute.  Texture  coriaceous. 
Petiole  short,  stout,  and  curved,  much  ex- 
panded proximad,  about  1  centimeter  in  length. 
Midrib  stout,  curved,  prominent,  subpartJlel, 
eight  to  ten  opposite  to  alternate  pairs;  they 
diverge  from  the  midrib  at  angles  of  50°  to  65°; 
as  a  rule  the  more  open  angles  are  in  the  tip 
or  base  of  the  leaf  and  the  more  ascending  and 
less  open  angled  secondaries  in  the  median  part  of 
the  leaf;  aU  become  subparallel  with  the  lateral 
margins,  along  which  they  continue  for  a  con- 
siderable distance,  forming  a  series  of  regularly 
diminishing  arches  until  they  finally  merge  with 
the  Tertiary  areolation.  Tertiaries  percurrent, 
partly  obsolete  by  immersion  in  the  leaf  sub- 
stance. 

The  species  here  discussed  is  exceedingly  like 
the  leaves  of  the  existing  Icacorea  panicuUiia 
Sudworth,  a  shore  shrub  or  small  tree  of  the 
Florida  Keys,  southern  Mexico,  the  Bahamas, 
and  Antilles. 

The  genus  Icacorea  is  sometimes  extended  to 
include  the  200  existing  species  of  the  Tropics 
and  subtropics  of  both  hemispheres  which  by 
other  authors  are  referred  to  the  genus  Ardisia 
Swartz.  Pax,  one  of  the  most  experienced 
students  of  the  Mvrsinacefe,  makes  Icacorea  a 
subgenus  of  Ardisia  and  restricts  it  to  the 
American  species.  Icacorea  is  unquestionably 
entitled  to  generic  rank  and  should  be  sepa- 
rated from  Ardisia.  Whether  the  other  sub- 
genera of  Ardisia  are  entitled  to  rank  as  genera 
I  am  not  prepared  to  say,  although  all  have 
received  such  rank  at  one  time  or  another. 
About  a  dozen  fossil  species  have  been  referred 
to  Ardisia,  and  several  of  these  should  probably 
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be  referred  to  Icacorea,  namely,  Icacorea  Ian- 
ceolata  Ettingshauscn  from  the  Aquitanian  of 
Bohemia,  compared  with  the  existing  Icacorea 
dentata  De  CandoUe  of  Cuba,  Icacorea  priwaeva 
Ettmgshausen  of  the  Burdigalian  of  Bohemia, 
compared  with  Icacorea  semicrenata  Do  Can- 
dolle  of  BrazU,  and  possibly  also  Icacorea  daph- 
noides  Massalongo  from  the  Pliocene  of  Italy. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry). 

CoUection. — ^U.  S.  National  Museum. 

♦ 

Order  EBENALES. 

Family  EBENACE2. 

Genus  DIOSPYROS  Linn^. 

DiosPYROS  BRACHYSEPALA  Alexander  Braun. 

Plates  CI,  figures  3  and  4,  and  CVII,  figure  6. 

Diospyros  brachysepala.    Alexander  Braun,    Die  Tertiiir 

Flora  von  Oeningen,  Neues  Jahrb.,  1845,  p.  170. 
Unger,  Bliitterabdrticke  aus  dem  Schwefelflotze  von 

Swoszowice  in  Galicien,  p.  125,  pi.  14,  fig.  15,  1850. 
Unger,  Genera  et  species  plantarum  fossllium,  p.  435, 

1850. 
Heer,  Flora  tertiaria  Helvetise,  vol.  3,  pp.  11,  191, 

pi.  102,  figs.  1-14,  1859. 
Heer,  Die  Urwelt  der  Schweiz,  pp.  354,  355,  fig.  215, 

1865. 
Sismonda,  Mat^riaux  pour  scrvir  k  la  pal^ontologie 

du  terrain  tertiaire  du  Pigment,  p.  443,  pi.  11, 

fig.  6;  pi.  16,  fig.  5;  pi.  19,  fig.  3,  1865. 
Ettingshausen,  Die  fossile  Flora  des  Tertiiir-Beckens 

von  Bilin,  Theil  2,  p.  232,  pi.  38,  fig.  28;  pi.  39, 

fig.  1,  1868. 
Ettingshausen,  Die  fossile  Flora  der  alteren  Braun- 

kohlenforraation  der  Wetterau,  p.  865,  pi.  3,  fig.  7, 

1868. 
Heer,  Miocene   baltische  Flora,   p.  84,  pi.  27,  figa. 

1-6;  pi.  28,  fig.  1,  1869. 
Heer,    Ueber   Braunkohlenpflanzen   von   Bomstadt, 

p.  16,  pi.  3,  figs.  7,  8,  1869. 
Engelhardt,     Flora    der    Braunkohlen formation    in 

Kdnigreich  Sachsen,  p.  21,  pi.  5,  figs.  8-10,  1870. 
Heer,  Flora  fossilis  arctica,  vol.  1,  p.  117,  pi.  15,  figs. 

10-12,  pi.  17,  figs.  5h,  5i,  1871;  vol.  2,  pt.  4,  p.  475, 

pi.  55,  fig.  8,  1871;  vol.  5,  pt.  2,  p.  41,  pi.  11,  figs. 

3-6a,  1878;  vol.  6,  Obth.  1,  pt.  2,  p.  13,  pi.  3,  figs. 

15,  16,  1882;  vol.  7,  p.  109,  pi.  79,  figs.  1-8,  pi.  92, 

fig.  10,  pi.  94,  Bg,  6,  1883. 
Schimper,  Pal^ontologie  veg^tale,  vol.  2,  p.  949, 1872. 
Engelhardt,  Die  Tertiarflora  von  Gohren,  p.  28,  pi. 

(v)xii,  fig.  7,  1873. 
Engelhardt,   Tertiarpflanzen  aus  dem   Leitmeritzer 

Mittelgebiige,  p.  362,  pi.  18,  figs.  1,  2,  1876. 
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Description,— TYiis  polymorphous  species  has 
been  recorded  from  a  very  large  number  of 
localities  and  horizons,  as  the  partial  spion}Tny 
given  above  clearly  emphasizes.  The  t^-pe  ma- 
terial came  from  both  the  earliest  and  latest 
Swiss  Miocene,  but  subsequently  this  species 
has  been  identified  from  all  stages  of  the  Ter- 
tiary of  Europe.  In  America  it  has  been 
recorded  from  beds  of  late  Upper  Cretaceous 
age  and  at  different  Tertiary  horizons.  It 
seems  incredible  that  all  these  records  should 
represent  a  single  species  and  probably  several 
species  are  included,  but  their  segregation  on 
other  than  stratigraphic  grounds  is  impossible 
at  the  present  time.  The  Wilcox  leaves  are 
much  smjiUer  and  are  othei-wise  readily  distin- 
guished from  Diospyros  wilcoxiana  Berry. 
They  occur  also  in  the  Claiborne  deposits  of 
the  western  Gulf  region. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County  (collected 
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by  E.  W.  Berry),  and  Somerville,  Fayotto 
County,  Tenn.  (collected  by  J.  M.  Safford). 
Beds  of  Wilcox  age,  Calaveras  Creek,  Wilson 
County,  Tex.  (collected  by  Alexander  Doussen). 
Collections. — U.  S.  National  Museum. 

DiOSPYROS    WILCOXIANA   BciTy,  U.  sp. 
Plate  CI,  figiires  1  and  2. 

Description. — Leaves  medium  sized  to  large, 
ovate-lanceolate  in  outline,  the  lateral  margins 
regularly  curved  and  the  apex  and  base  about 
equally  pointed.  Length  ranges  from  7.5  to 
15  centimeters.  Maximum  width,  about  mid- 
way between  the  apex  and  the  base,  ranges 
from  3.5  to  5.5  centimeters.  Margins  entire, 
in  places  slightly  undulate.  Texture  sub- 
coriaceous.  Petiole  short  and  stout,  enlarged 
proximad;  in  minimum-sized  leaves,  in  which 
only  it  seems  to  be  preserved,  it  is  5  or  6  milli- 
meters long.  Midrib  stout,  as  a  rule  more  or 
less  curved.  Secondaries  rather  stout,  numer- 
ous, subparallol,  camptodrome;  from  10  to  15 
subopposite  to  alternate  pairs  branch  from 
the  midrib  at  angles  of  50°  to  70°  and  pursue 
a  rather  straight  course  imtil  near  the  margin, 
where  they  curve  upward  and  form  abruptly 
decreasing  arches  more  or  less  parallel  with  it. 
Tertiary  venation  relatively  prominent.  Main 
nervilles  largely  percurrent,  the  interspaces 
made  up  of  relatively  large  four,  five,  or  six 
sided  meshes. 

The  two  extremes  in  size  of  this  species  have 
been  figured.  The  secondaries  of  the  smaller 
are  less  numerous  and  more  ascending,  but 
the  differences  observable  are  not  of  specific 

value. 

Diospyros  is  an  abundant  type  in  fossil 
floras  and  ranges  back  to  the  middle  Oetaceous, 
from  which  a  variety  of  leaf  species  have  been 
described.  I  recently  described  an  unmistak- 
able fruit  calyx  from  this  horizon  under  the 
name  Diospyros  vera^^  so  that  the  affinity  of 
the  leaves  is  abundantly  confirmed.  About 
50  Tertiary  species  have  been  described  from 
a  large  number  of  localities  and  horizons  and 
abundantly  fortified  by  fruiting  material.' 
The  genus  is  especially  abimdant  from  the 
upper  Eocene  through  the  Oligocene  of  Europe 
and  in  the  lower  Eocene  of  Western  America 
(Fort  Union  formation) .     The  forms  from  the 

I  Berry,  E.  W.,  Torrey  Bot.  Club  Bull.,  vol.  38,  p.  418,  pi.  19,  flg.  5, 1911. 
s  For  an  account  of  the  geologic  history  of  the  genus  see  Berry,  E.  W., 
Plant  World,  vol.  15,  pp.  15-21,  figs.  1-7, 1912. 


Rocky  Mountain  region  which  were  contem- 
poraneous with  the  present  species  are  all 
smaller,  readily  distinguishable  species. 

The  existing  species  of  Diospyros  number 
more  than  150  and  are  widely  distributed  in 
the  Tropics  and  warmer  temperate  regions  of 
both  hemispheres.  Several  species,  for  example 
D.  maritina  Linnfi  and  D.  teysmanni  Miquel  of 
the  East  Indites,  are  typical  strand  plants.  Tlie 
species  now  under  consideration,  which  is  com- 
mon at  Puryear,  is  very  similar  to  numerous 
existing  forms,  including  the  larger  leaves  of 
Diospyros  virginidna  Linnfi  of  our  Southern 
States. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

FamUy  SAPOTACEA. 
Genus  SIDEROXYLON  Uan€. 

SiDEROXYLON  ELLiPTicus  Berry,  n.  sp. 

Plate  C,  figure  8. 

Description. — Leaves  relatively  large,  ellip- 
tical in  general  outline.  Apex  roimded.  Base 
ronded  or  broadly  pointed.  Margins  entire,  ap- 
pearing to  be  repand  because  of  their  somewhat 
revolute  condition,  as  is  also  clearly  indicated 
by  the  appearance  of  the  venation  in  that  part 
of  the  leaf.  Petiole  short  and  stout.  Midrib 
stout  and  curved,  prominent  on  the  lower  sur- 
face of  the  leaf,  impressed  on  the  upper  surface. 
Secondaries  prominent;  about  12  subopposite 
to  alternate  pairs  diverge  from  the  midrib  at 
angles  of  about  60°,  pursue  a  rather  straight 
course  at  first,  and  eventually  curve  upward; 
camptodrome.  Tertiaries  thin,  forming  large 
five  or  six  sided  meshes.    Texture  coriaceous. 

This  fine  large-leafed  species  is  entirely  dis- 
tinct from  previously  described  forms  and 
rather  larger  than  most  of  the  existing  mem- 
bers of  the  SapotacecB.  It  is,  however,  prac- 
tically identical  in  size,  texture,  petiole,  mar- 
gin, and  venation — primary,  secondary,  and 
tertiary — ^with  the  existing  Sideroxylon  suri- 
namense  Miki  from  northern  South  America 
(Surinam). 

The  genus  Sideroxylon  comprises  about  60 
modem  species  found  in  the  warmer  parts  of 
both  hemispheres,  a  single  Antillean  species 
reaching  southern  peninsular  Florida.  Several 
fossil  leaves  from  the  Oligocene  and  Miocene 
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of  Europe  have  been  referred  directly  to  the 
genus  Sideroxylon.  Of  these  the  Wilcox 
species  is  much  like  Sideroxylon  putterliki 
Unger*  in  everything  except  size,  Unger's 
species  being  about  one-half  the  size  of  the 
Wilcox  fonn. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry) . 

Collection. — ^U.  S.  National  Museum. 

SiDEBOXYLON    PREMASTICHODENDBON    Berry, 

n.  sp. 
Plate  XCIX,  figure  4. 

Description. — Leaves  medium  sized,  elon- 
gate-elliptical in  general  outline.  Apex  vari- 
able, in  most  specimens  broadly  rounded. 
Base  rounded  or  broadly  cuneate.  Length 
about  9  to  10  centimeters.  Majtimum  width, 
which  is  generally  just  below  the  middle,  about 
3.3  centimeters.  Margins  entire,  slightly  undu- 
late. Leaf  substance  thick  and  coriaceous  in 
texture.  Petiole  short  and  stout,  enlarging 
proximad,  about  1  centimeter  in  length.  Mid- 
rib stout,  prominent  on  the  lower  surface  of  the 
leaf.  Secondaries  rather  stout,  seven  or  eight 
alternate  or  subopposite  irregularly  spaced 
pairs;  they  diverge  from  the  midrib  at  angles 
ranging  from  30°  to  50°  and  are  but  slightly 
curved  for  three-fourths  of  the  distance  to  the 
margin,  where  they  curve  abruptly  upward  to 
form  broad  camptodrome  arches.  Tertiaries 
consist  of  a  few  rather  stouter  branches  from 
the  midrib,  subparallel  with  two  successive 
secondaries  where  these  are  widely  spaced,  of 
camptodrome  marginal  arches,  and  of  more  or 
less  percurrent  internal  nervilles.  Areolation 
fine,  composed  of  transversely  elongated  meshes 
of  small  size. 

This  species  is  smaller  and  much  less  robust 
than  the  associated  Sideroxylon  eUiptuyus  Berry, 
which  it  resembles  closely  in  a  general  way. 
The  secondaries  are  less  numerous  and  more 
ascending  and  curved,  and  the  areolation  is 
finer.  It  is  much  like  numerous  existing 
species  of  Sideroxylon  and  except  for  its  shorter 
petiole  is  practically  identical  with  the  leaves  of 
Sideroxylon  mastichodendron  Jacquin,  a  tree  of 
the  Florida  Keys,  the  Bahamas,  and  many  of 
the  Antilles. 

I Ungw,  Franz,  Diefosafle  Flora  von  Kumi,  p.  41,  pi.  11,  figs.  1-4, 1867. 


Occurrence. — Lagrange  formation  (in  beds  of 
WUcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Genus  CHRYSOPHYLLUM  Linii^. 

Chrysophyllum  ficipolla.  Berry,  n.  sp. 

Plate  C,  figure  7. 

Description. — Leaves  relatively  large,  oblong 
or  ovate-lanceolate  in  outline,  the  apex  and 
base  pointed.  Length  about  15  centimeters. 
Maximum  width,  near  the  middle  of  the  leaf, 
about  5.5  centimeters.  Margins  entire  in  some 
specimens,  slightly  repand  distad.  Texture 
very  coriaceous.  Petiole  short  and  stout. 
Midrib  very  stout,  curved,  prominent  on  the 
lower  siuf ace  of  the  leaf.  Secondaries  very 
thin  and  close  set,  diverging  from  the  midrib  at 
angles  of  more  than  45°,  curving  upward,  sub- 
parallel,  camptodrome. 

Several  modern  genera  have  been  compared 
with  this  fossil  species.  Among  those  that  show 
more  or  less  resemblance  may  be  mentioned 
Brosimum  Swartz  of  the  American  tropical 
Moraceee,  Ardisia  and  Icacorea  of  the  Bombaca- 
ceee,  and  especially  Ficus.  This  species  may  be 
a  Ficus,  since  it  resembles  more  or  less  closely 
several  existing  and  fossil  species  which  have 
been  referred  to  that  extensive  genus.  The 
venation,  however,  seems  to  me  to  indicate  a 
relationship  with  the  genus  Chrysophyllum, 
which  among  its  50  or  60  existing  species  con- 
tains several  West  Indian  forms  practically 
identical  with  the  fossil  in  all  its  features. 

The  genus  Chrysophyllum  is  tropical  or  sub- 
tropical, most  of  the  forms  being  American, 
although  it  is  found  in  tropical  Africa,  southern 
Asia,  Australia,  and  the  Hawaiian  Islands,  and 
is  represented  in  all  tropical  countries  by  the 
cidtivated  star  apple,  Chrysophyllum  cainito 
Linn6,  a  native  of  the  West  Indies.  The  only 
species  of  the  genus  that  reaches  the  United 
States  is  Chrysophyllum  oliviforme  Lamarck  of 
the  Bahamas  and  Antilles,  which  is  rare  along 
the  Florida  coast  northward  to  Mosquito  Inlet 
on  the  east  coast  and  to  the  vicinity  of  Pine 
Island  on  the  west  coast.  This  species  has 
leaves  much  like  the  fossil  but  only  about  half 
their  size.  Seven  or  eight  fossil  forms  have 
been  referred  to  this  genus,  all  of  which  come 
from  the  European  Tertiary  except  one  not 
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very  convincing  form  described  by  Engelhardt  * 
from  the  Cenomanian  of  Saxonv. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Lagrange  formation 
(in  beds  of  Wilcox  age),  Pinson,  Madison 
County,  Tenn.  (collected  by  E.  W.  Berry). 

Collections. — ^U.  S.  National  Museum. 

Genus  BUMELIA  Swartz. 

Leaves  short  and  broad,  retuae  or  emaiginate: 
Small,  under  2  centimeterp,  slightly  ret  use. 

Buinelia  pseudoharrida. 
Over  2  centimeters,  deeply  emaiginate: 

Obcordate,  that  is,  with  a  narrowed  base. 

Bumelia  wilcoxiana. 
Orbicular  or  elliptical,  that  is,  with  a  broad  base. 

Bumelia  americana. 
I^rge  with  coarse  venation,  that  is,  conspicuously 

retuse Bumelia  hurleyensis. 

Leaves  narrower,  length  more  than  twice  the  width,  apex 
rounded  or  slightly  emaxginate: 
Midrib  slender,  secondaries  few  and  ascending. 

Bumelia  pseudotenax. 

Midrib  very  stout,  secondaries  numerous  and  directed 

laterally Bumelia  grenadenna. 

Bumelia  wilcoxiana  Berry,  n.  sp. 

Plates  C,  figures  4  and  5,  and  CVII,  figure  3. 

Description, — ^Leaves  obcordate  in  outline, 
the  apex  deeply  emarginate  and  the  base 
broadly  pointed  and  cuneatc.  Size  somewhat 
variable,  the  length  ranging  from  3  to  4  centi- 
meters and  the  maximum  width,  widest  above 
the  middle,  from  2  to  3  centimeters.  Margins 
entire,  full,  and  evenly  rounded.  Apical  ears 
broadly  rounded,  directed  upward.  Petiole 
short  and  stout,  2  or  3  millimeters  in  length. 
Midrib  stout  and  straight,  prominent  on  the 
lower  surface  of  the  leaves.  Secondaries  rela- 
tively thin,  prominent  on  the  lower  surface  of 
the  leaf,  five  to  seven  pairs,  tending  to  be  sub- 
opposite,  branching  from  the  midrib  at  angles 
of  about  55°  or  somewhat  less,  curving  upward, 
camptodrome.     Texture  coriaceous. 

This  species  is  not  unconmion  in  the  Wilcox. 
It  resembles  in  a  general  way  some  of  the 
European  forms  referred  to  the  papihonaceous 
genus  Colutea,  as,  for  example,  Colutea  mac- 
rophylla  Heer.^     It  is  close  to  certain  existing 

>  Enf^olhardt,  Hermann,  Naturwiss.  Gesell.  Isis  in  Dresden  Abb., 
1891,  Abh.  7,  p.  98,  pi.  2,  flg.  15. 

2Ilocr,  Oswald,  Flcra  tertiaria  Helvetiae,  vol.  3,  p.  102,  pi.  132,  figs. 
43-16, 1859. 


and  fossil  species  of  Bumelia  and  probably 
congeneric  with  them.  Among  these  it  is  very 
similar  to  some  of  the  forms  referred  to  the 
widespread  European  Tertiary  species  Bumelia 
oreadum  Unger,  as,  for  example,  the  forms  from 
the  SannoLsian  of  Aix  in  southeastern  France 
described  by  Saporta.'  It  may  also  be  com- 
pared with  Bumelia  suhspaihukUa  Saporta* 
from  the  same  locality  and  horizon.  It  is 
very  similar  to  and  probably  descended  from 
SapotOrdtes  sJiirleyensis  Berry,*  a  common  form 
of  the  Upper  Cretaceous  Tuscaloosa  formation 
in  western  Alabama.  The  genus  is  abundantly 
represented  in  the  Tertiary  of  Europe,  but  in  the 
existing  flora  it  is  confiined  to  America  and 
comprises  about  20  species  scattered  from  the 
southern  United  States  through  the  West 
Indies  and  Central  America  to  Brazil.  It  k 
the  only  genus  of  this  strictly  tropical  and  sub- 
tropical family  which  extends  into  the  tem- 
perate region  of  North  America. 

Several  recent  species  resemble  this  Eocene 
form,  and  it  may  be  matched  almost  com- 
pletely by  some  of  the  leaves  of  the  variable 
Bumelia  retusa  Swartz  of  the  West  Indies. 

Occurrence. — Holly  Springs  sand,  Early 
Grove,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry).  Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collections. — ^U.  S.  National  Museum. 

Bumelia  pseudohorrida  Berry,  n.  sp. 

Plate  C,  figure  1. 

Description. — ^Leaves  small  and  nearly  orbic- 
ular^ in  outline,  many  somewhat  inequilateral, 
the  apex  broadly  rounded  and  slightly  retuse, 
and  the  base  roimded  or  broadlv  cuneate. 
Length  about  1.25  centimeters.  Maximum 
width  about  1  centimeter  or  slightly  less. 
Margins  entire.  Texture  coriaceous.  Petiole 
short  and  stout,  curved,  about  2  millimeters  in 
length.  Midrib  stout.  Secondaries  immersed 
in  the  leaf  substance,  about  four  pairs,  diverg- 
ing from  the  midrib  at  acute  angles,  ascending 
approximately  parallel  with  the  lateral  mar- 
gins, eventually  camptodrome. 

>Saporta,  G.  de,  Demises  adjonctions  k  la  flore  fossfle  d'Aix-en- 
Provenoe,  pt.  2,  pi.  9,  flg.  14, 1889. 
*  Idem,  pi.  13,  flgs.  3, 4. 
ft  Berry,  E.  W.,  unpublished  MS. 
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This  small  form  is  absolutely  indistinguish- 
able from  many  of  the  leaves  of  the  existing 
West  Indian  species,  Bumelia  horrida  Grise- 
bach,  which  is  very  much  like  the  fossil  in  size, 
texture,  petiole,  and  in  all  the  observable  details 
of  venation.  That  the  modern  form  is  a  lineal 
descendant  of  this  early  Eocene  species  seems 
indisputable. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Bumelia  pseudotexax  Berry,  n.  sp. 

Plate  C,  figure  2. 

Banksia  helvetica  Heer.     Lesquereux,  Am.  Philoe.  Soc. 
Trana.,  vol.  13,  p.  418,  pi.  16,  fig.  6,  1869. 

Description. — Leaves  small,  obovate  in  gen- 
eral outline,  practically  sessile,  the  tip  roimded 
and  the  base  narrowed,  cuneate,  or  slightly 
decurrent.  Length  about  4  centimeters.  Max- 
imum width,  at  or  above  the  middle,  about  1.3 
centimeters.  Margins  entire.  Texture  coria- 
ceous. Midrib  rather  stout  but  not  prominent, 
inunersed  in  the  leaf  substance  and  generally 
curved.  Secondaries  thin,  immersed,  four  to 
six  alternate  pairs,  diverge  at  angles  of  about 
45°,  curving  more  or  less  upward,  camp todrome. 
Tertiaries  obsolete. 

This  characteristic  small  leaf  is  very  similar 
to  the  leaves  of  some  of  the  West  Indian  species 
of  Bumelia.  It  is  perhaps  most  like  Bumelia 
tenax  Willdenow,  a  tree  of  sandy  soils  near  the 
coast,  which  ranges  northward  from  the  Florida 
Keys  as  far  as  North  Carolina.  Another  very 
similar  extratropical  species  is  Bumelia  lanugi- 
Tiosa  Persoon,  also  a  small  tree,  not  common 
but  ranging  from  southern  Georgia  to  Texas, 
said  to  reach  its  maximum  size  and  greatest 
abundance  in  the  river  bottoms  of  eastern 
Texas.  In  the  Texas  region  the  smaller  obo- 
vate leaves  are  more  like  the  fossil  than  are  the 
larger  variants.  The  narrower  leaves  of  Bu- 
melia angustifolia  Nuttall,  a  small  tree  of  the 
Bahamas,  Florida  Keys,  and  lower  Rio  Grande 
Valley,  are  also  close  to  the  fossil,  and  Bumelia 
cuneala  Swartz  (parvifolia  De  CandoUe)  of  the 
West  Indies  is  also  practically  identical  with  it. 

Among  previously  described  fossil  forms  it 
is  much  like  several  species  usually  referred  to 
the  genus  Persoonia  of  the  Proteaoese.  The 
small  leaf  coUectod  many  years  ago  by  Hilgard 
and  since  lost  was  referred  by  Lesquereux  to 
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Banksia  Tidvetica  Heer.  It  is  undoubtedly  a 
leaf  of  Bumelia  psevdotenax  Berry.  The  type 
material  of  Banksia  helvetica^  came  from  the 
European  Aquitanian  and  is  very  different  from 
the  leaf  from  the  American  lower  Eocene,  some 
of  Heer's  specimens  distinctly  showing  a 
serrated  margin. 

A  poorly  preserved  leaf  from  Calaveras  Creek, 
Wilson  County,  Tex.,  is  very  similar  in  form 
and  venation  to  the  species  now  under  discus- 
sion but  is  larger,  measuring  5.5  centimeters  in 
length  and  2  centimeters  in  maximum  width. 

Occurrence. — ^Ackerman  formation.  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  Hilgard). 
HoUy  Springs  sand.  Early  Grove,  Marshall 
Coimty,  Miss,  (collected  by  E.  W.  Berry). 
Beds  of  Wilcox  age,  Calaveras  Creek,  Wilson 
County,  Tex.  (collected  by  Alexander  Deussen). 

Collections. — ^U.  S.  National  Museum. 

BuMEUA  AMERICANA  (Lesqucrcux)  Beny. 

Plate  C,  fig:ure  6. 

Sapotacites  americanus.  Leequereux  (not  Hollick,  1900), 
in  Safford,  Geology  of  Tenneseee,  p.  428,  pi.  K, 
fig.  8,  1869. 
Loughridge,  Report  on  the  geolc^cal  and  economic 
features  of  the  Jackson's  purchase  region,  p.  197, 
1888. 

Description. — ^Leaflets  broadly  elliptical,  al- 
most orbicidar  in  outline,  the  apex  deeply 
emarginate  and  the  base  broadly  pointed. 
Margins  entire,  full,  and  evenly  rounded. 
Length  3  to  4  centimeters.  Maximum  width 
2.5  to  3  centimeters  in  the  middle  part  of  the 
leaf.  Texture  very  coriaceous.  Midrib  very 
stout  and  straight,  prominent  on  the  lower  sur- 
face of  the  leaf.  Secondaries  stout,  prominent 
on  the  lower  surface  of  the  leaf;  four  or  five 
alternate  pairs  branch  from  the  midrib  at 
angles  of  55°  to  75°,  curving  upward  and  each 
arching  to  join  its  superadjacent  secondary 
some  distance  from  the  margin. 

The  type  of  this  species,  which  is  somewhat 
more  orbicular  than  the  material  subsequently 
collected,  was  described  by  Lesquereux  from 
the  deposits  of  Grenada  age  south  of  Somer- 
viUe,  Tenn.,  at  that  time  thought  to  be  of 
Pleistocene  age.  It  was  subsequently  recorded 
by  Hollick^  from  Coushatta  on  Red  River  in 

1  Heer,  Oswald,  Flora  tertiarla  Helvetise,  vol.  2,  p.  98,  pi.  97,  figs.  44- 
48;  pi.  98,  fig.  10, 1856. 

»IIollick,  Arthur,  In  Ilanis,  G.  D.,  and  Veatch,  A.  C,  A  preliminary 
report  on  the  geology  of  Louisiana,  p.  287,  pi.  42,  fig.  3, 1899. 
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Louisiana,  but  the  single  specimen  from  this 
locality  appears  not  to  belong  to  this  species. 

It  closely  resembles  Bumelia  vnlcoxiana 
Beny,  which  is,  however,  a  somewhat  smaller 
form  that  has  an  obcordate  instead  of  an  orbi- 
cular outline  and  a  cuneate  base  that  is  almost 
straight  sided  instead  of  broadly  rounded. 
The  secondaries  of  vnlcoxiana  are  more  numer- 
ous, less  prominent,  and  more  ascending. 

What  was  said  under  B^imelia  wUcoxvfinn  in 
regard  to  similar  fossils  and  existing  forms 
applies  with  almost  equal  force  to  this  species. 
Attention  should  be  called,  however,  to  its 
resemblance  to  a  leaf  from  the  Ypresian  of  the 
Paris  Basin  which  Watelet*  referred  to  the 
genus  Piscidia  Linnfi,  a  leguminous  genus  of 
tropical  America,  and  which  he  described  as 
Piscidia  jyrotogea. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Somerville,  Fayette  County, 
Tenn.  (collected  by  J.  M.  Safford) ,  and  Pur- 
year,  Henry  County,  Tenn.  (collected  by  E.  W. 
Berry). 

Collections. — ^U.  S.  National  Museum. 

Bumelia  hurletensis  Berry,  n.  sp. 

Plate  CVIII,  figure  2. 

Description. — Leaves  relatively  coarse  and 
large,  orbicular  to  elliptical  and  somewhat  in- 
equilateral in  general  outline,  widest  above  the 
middle.  Base  broadly  rounded  on  one  side, 
truncated  on  the  other.  Apex  broadly  rounded 
and  then  deeply  retuse.  Length  about  4.6 
centimeters.  Maximum  width  about  4  centi- 
meters or  slightly  more.  Margins  entire. 
Texture  coriaceous.  Petiole  not  preserved. 
Midrib  stout  and  prominent,  somewhat  flexu- 
ously  curved.  Secondaries  few,  very  stout 
and  prominent;  three  opposite  to  alternate 
unequally  spaced  pairs  diverge  from  the  mid- 
rib at  angles  ranging  from  35°  to  55°;  they 
sweep  upward  in  broad  curves  parallel  with 
the  lateral  margins  of  the  leaf  and  all  except 
the  basal  pair  are  camp'todrome  in  the  apex 
of  the  leaf.  Tertiaries  relatively  stout  and 
well  marked,  nearly  straight  and  subparallel, 
percurrent.  Areolation  of  fine  nervilles,  nearly 
obsolete,  in  general  consisting  of  relatively 
large  quadrangular  areolae. 

This  species  has  the  general  form  of  all  the 
Wilcox   species   of   Bimaelia   except   Bumelia 

1  Watelet,  A.,  Descriptions  des  plan  tea  fossiles  du  bassin  do  Paris,  p.  240, 
pi.  59,  fig.  3, 1866. 


pseudotenax  Berry  and  Bumelia  grenadenm 
Berry.  It  is,  however,  much  larger  and  more 
coarsely  veined  than  any  of  these,  being  nearly 
twice  the  size  of  Bumelia  am^ricana  (Les- 
quereux)  Berry,  which  approaches  closest  to 
it  in  size.  It  also  differs  from  the  other  Wilcox 
species  in  being  broadly  retuse  and  not  emar- 
ginate  in  its  fewer,  much  coarser,  and  more 
ascending  secondaries,  and  in  its  percurrent  ter- 
tiaries. It  was  apparently  not  common  along 
the  Wilcox  coast,  since  it  is  only  represented 
by  scanty  material  from  a  single  locality. 

Occurrence, — ^Ackerman  formation.  Hurleys, 
Benton  Coimty  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  Berry). 

CoUectian. — ^U.  S.  National  Museum. 

Bumelia  grenadensis  Berry,  n.  sp. 

Plate  CVIII,  figure  3. 

Description. — ^Leaves  medium  sized  for  this 
genus,  obovate  and  markedly  inequilateral  in 
general  outline,  the  apex  broadly  rounded  or 
slightly  emarginate  and  the  base  narrowly 
cuneate.  Length  about  4  centimeters.  Maxi- 
mum width  at  or  above  the  middle  about  1.75 
centimeters.  Margins  entire.  Leaf  substance 
thin  but  of  a  stiff  coriaceous  textiu-e.  Petiole 
wanting.  Midrib  stout,  curved,  prominent  on 
the  lower  surface  of  the  leaf.  Secondaries  rather 
stout,  rather  regularly  and  closely  spaced; 
about  15  pairs  diverge  from  the  midrib  at  wide 
angles,  which  vary  from  about  90°  in  the  basal 
part  to  70°  in  the  middle  and  distal  portions  of 
the  leaf;  thev  pursue  a  relatively  straight 
course  and  narrow  rapidly  in  the  marginal 
region,  where  they  are  camptodrome.  Ter- 
tiaries thin,  forming  a  close-meshed  anasto- 
mosing areolation,  which  in  the  marginal  region 
is  fully  as  prominent  as  are  the  secondaries. 
Not  common  in  the  collections. 

Of  the  four  other  Wilcox  species  of  Bumelia 
three  are  relatively  much  shorter  and  wider; 
the  only  one  whose  form  is  similar  to  the 
present  species  is  Bumelia  pseudotenax  Berry, 
which  is  a  smaller,  less  inequilateral  leaf,  rela- 
tively narrower,  and  its  secondaries  are  fewer, 
thinner,  and  more  ascending. 

Among  previously  described  fossil  species 
Bumelia  grenadensis  Berry  resembles  the  Euro- 
pean Bumelia  oreadum  Unger,*  which  is  com- 
mon and  widespread  from  the  extreme  base  of 

s  Unger,  Franz,  Die  fossile  Flora  von  SoUka,  p.  42, pL  22,  figs.  7-14, 1850. 


EBENALES. 


339 


tho  Oligoceno  into  the  Miocene  and  which  has 
been  compared  with  the  living  West  Indian 
forms  Bumelia  nervosa  and  Bumelia  retusa. 
These  West  Indian  species  also  offer  numerous 
points  of  comparison  with  the  species  under 
discussion. 

Occurrence, — Grenada    formation,    Grenada, 
Grenada  County,   Miss,    (collected  by  E.   N. 
Lowe  and  E.  W.  Berry). 
Collection, — ^U.  S.  National  Museum. 

Genus  MIMUSOPS  Linn^. 

Mnnjsops  sieberifolia  Berry,  n.  sp. 

Plate  XCIX,  figure  2,  and  C,  figure  3. 

Description, — Leaves  elongate-elliptical  in 
outline,  the  apex  broadly  rounded,  more  or  loss 
retuse  in  some  specimens,  and  the  base  only 
slightly  narrowed,  rounded,  or  wide  and  bluntly 
pointed.  Margins  entire  and  full,  somewhat 
revolute,  as  indicated  by  the  impression  they 
make  on  the  clay  and  their  slightly  undulating 
appearance  in  specimens  that  show  the  upper 
surface  of  the  leaf,  like  the  one  figured.  Tex- 
ture very  coriaceous.  The  lamina  is  generally 
broken  near  the  base  so  that  the  petiole,  which 
must  have  been  long  and  stout,  is  missing. 
Somewhat  variable  in  size,  averaging  about  9 
centimeters  in  length  by  2  J  centimeters  in 
maximum  width,  about  halfway  between  the 
apex  and  the  base  of  the  symmetrical  leaves. 
An  extra  large  specimen  is  12  centimeters  long 
and  3.5  centhneters  in  maximum  width. 
Midrib  stout  and  straight,  channeled  above  and 
more  or  less  prominent  on  the  lower  surface  of 
the  leaf.  Secondaries  about  10  subopposite  to 
alternate  pairs;  they  branch  from  the  midrib 
at  angles  ranging  from  40°  to  65°  and  curve 
upward,  ultimately  camptodrome.  The  ter- 
tiaries  form  rather  large  isodiametric,  five  or 
six  sided  meshes. 

This  fine  species  is  not  uncommon  at  Puryear 
and  is  scarcely  to  be  distinguished  from  several 
of  the  existing  species  of  Mimusops,  the  specific 
name  being  given  in  allusion  to  its  resemblance 
to  Mimusops  sieheri  A.  De  Candolle,  of  the 
Florida  Keys  and  Bahama  Islands,  a  small  tree 
of  the  strand  flora,  hke  so  many  of  the  existing 
species  of  Sapotacese.  The  species  now  under 
consideration  may  also  be  compared  with 
Mimusops  spectabilis  Pittier  of  the  littoral  for- 
est of  Costa  Rica  or  with  the  Brazilian  Mimu- 
sops lonffifolia.     It  may  be  also  compared  with 


certain  species  of  the  closely  allied  genus 
Sideroxylon  Linn6.  Capparis  jammcensis 
Jacquin  is  also  very  similar  in  outline  and 
texture. 

The  genus  Mimusops  contains  30  or  40  exist- 
ing species  widely  distributed  in  the  Tropics  of 
both  hemispheres.  •  Several  fossil  species  have 
been  described,  and  comparisons  may  be  made 
with  the  Oligocene  species  Mimusops  tertiaria 
Ettingshausen*  from  southern  Europe  (Car- 
niola)  and  Sapotacites  mimusops  Ettingshausen^ 
from  the  Tyrol.  Both  are  less  elongated,  and 
though  similar  in  their  general  facies  are  less 
typical  of  Mimusops  than  the  present  species. 
In  the  Wilcox  flora  Laguncularia  prera^emosa 
Berry  has  somewhat  similar  leaves;  they  are, 
however,  relatively  shorter  and  have  a  different, 
more  or  less  obsolete  venation  and  a  different 
texture.  They  are  no  more  readily  confused 
than  the  leaves  of  the  existing  Laguncularia 
racemosa  Gaertner  and  Mimusops  sieheri  A.  De 
Candolle. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — ^U.  S.  National  Museum. 

Mimusops  EOLiONrriCA  Berry,  n.  sp. 

Plate  XCIX,  figure  3. 

Qtiercus  Morophylla  Unger.  Lesquereiix  (part),  Am, 
Philos.  Soc.  Trans.,  vol.  13,  p.  416,  pi.  17,  fig.  6  (not 
figs.  5,  7),  1869. 

(f)  Phylliies  truncatus.  Leequereux,  idem,  p.  423,  pi. 
17,  fig.  9. 

Description, — Leaves  relatively  large,  elon- 
gate-elliptical in  outline,  the  apex  prominently 
emarginate  and  the  base  broadly  cuneate  or 
rounded.  Length  about  9  centimeters.  Maxi- 
mum width,  in  the  middle  part  of  the  leaf,  about 
3.5  centimeters.  Margins  entire,  slightly  undu- 
late distad.  Texture  coriaceous.  Petiole  miss- 
ing. Midrib  stout  and  curved,  prominent  on 
the  lower  surface  of  the  leaf.  Secondaries 
stout,  numerous;  about  10  opposite  to  alternate 
pairs  diverge  from  the  midrib  at  angles  of  about 
50°,  are  in  many  specimens  unequally  spaced, 
curve  upward  in  a  subparallol  manner,  and  are 
camptodrome  close  to  the  margins.  Tertiaries 
thin,  some  subparallel  with  and  between  some 


1  Ettingshausen,  C.  von,  Die  fossile  Flora  von  Sagor,  pt.  3,  p.  17,  pi.  30, 
figs.  14.  Ha,  1885. 

>£ttlngshausen,  C.  von.  Die  tertifire  Flora  von  H&ring  in  Tirol,  p.  62, 
pi.  21,  fig.  22, 1853. 
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of  the  secondaries,  others  percurrent,  joined  by 
nervilles  in  different  directions  to  form  small, 
isodiametric,  fom*  or  five  sided  meshes. 

This  species  is  readily  distinguishable  from 
the  associated  Wilcox  species  Mimu8op8  sie- 
herifolia  Berry  by  its  relatively  shorter  and 
wider  outline,  more  numerous  secondaries,  and 
conspicuously  emarginate  apex.  It  is  very 
close  and  unquestionably  ancestral  to  Mimu- 
sops  claihomensis  Berry,  a  relatively  shorter  and 
more  robust  form  of  the  middle  Eocene. 

Among  the  leaves  from  Mississippi  referred 
by  Lesquereux  to  Querent  chlorophyUu  Unger 
is  one  that  is  clearly  a  leaf  of  the  species  now 
under  discussion,  and  this  also  seems  to  be  the 
affinity  of  the  single  associated  leaf  which  liCS- 
quereux  described  as  PhyUites  truncates  and 
which  lacks  the  tip,  the  chief  diagnostic  feature 
of  the  present  species;  hence  the  name  is  queried 
and  is  not  taken  up  for  the  species  as  now  de- 
scribed from  complete  material. 

Occurrence. — Ackerman  formation.  Hurleys, 
Benton  County  (formerly  a  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  ffilgard). 
Lagrange  formation  (in  beds  of  Wilcox  age), 
Puryear,  Henry  County,  Tenn.  (collected  by 
E.  W.  Berry). 

Collections. — U.  S.  National  Museum. 

MiMUsops  MississiPPiENsis  Beny,  n.  sp. 

Plate  evil  I,  figure  1. 

Description. — Leaves  medium  sized,  elongate- 
elliptical  in  general  outline,  the  tip  somewhat 
narrowed  and  rounded  and  the  base  cuneate, 
decurrent  on  the  petiole.  Length  ranges  from 
8  to  8.5  centimeters.  Maximum  width,  at  or 
below  the  middle,  about  2.6  centimeters. 
Margins  entire,  evenly  roimded.  Texture  cori- 
aceous. Petiole  short  and  stout,  alate.  Mid- 
rib stout,  curved,  prominent.  Secondaries  of 
medium  caliber,  partly  immersed;  about  nine 
opposite  to  alternate  pairs  diverge  from  the 
midrib  at  angles  that  average  about  50°, 
rather  straight  in  their  courses  two-thirds  of 
the  distance  to  the  margin,  where. they  bend 
upward  and  are  camptodrome.  Tertiaries  thin 
but  well  marked,  forming  an  open  quadrangular 
or  pentagonal  isodiametric  areolation. 

This  species  is  somewhat  smaller  than  the 
other  Wilcox  species  of  Mimusops  and  is  more 
tapering  in  both  directions,  approaching  the 
the  form  of  Sideroxylon  premastichodendron 
Berry   in   outline.     The   secondaries    are   less 


prominent  than  in  Mimusops  sieberifolia  Berry 
and  Mimusops  eoligniiicus  Berry,  but  the 
areolation  is  practically  identical  for  the  three 
species. 

Mimusops  mississippiensis  was  confined  to 
the  Grenada  formation  south  of  the  Mississippi- 
Tennessee  boimdary  and  apparently  was  not 
common. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  Coimty,  Miss,  (collected  by  E.  N.  Lowe 
and  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Order  GENTIAN  ALES. 

Family  OLEACE2. 
Genus  FRAXINUS  Linii^. 

Fraxinus  wilcoxiana  Berry,  n.  sp. 

Plate  CI,  figured. 

Description. — Samara  oblanceolate  in  out- 
line, slender,  contracted  graduaDy  proximad  to 
the  pedimcle,  which  is  relatively  stout  and 
about  3  millimeters  long.     Total  length  about 

3  centimeters.  Maximiun  width  6.5  milli- 
meters at  a  point  about  halfway  between  the 
apex  and  the  base.  Body  large,  flattened, 
oblanceolate  in  outline,  about  1.75  centimeters 
long,  or  more  than  half  the  total  length  of  the 
samara,  longitudinally  lined,  maximum  width 

4  millimeters,  toward  the  distal  end.  Wing 
coriaceous,  the  tip  narrowly  rounded,  the 
margins  entire,  decurrent  on  the  body  from 
which  the  veins  radiate.     Calyx  not  persistent. 

This  well-marked  samara  of  an  early  Eocene 
species  of  Fraxinus  is  well  marked  and  distinct 
from  known  Tertiary  forms.     Except  for  its 
relative  median  width  it  might  almost  pass  for 
the  fruit  of  the  common  American  red  ash, 
Fraxinus  pennsylvanica  Marsh,  which,  however, 
has  a  persistent  calyx.     It  resembles  a  number 
of  other  existing  species  of  ash,  but  this  r^em- 
blancc  can  not  be  held  to  indicate  a  close  filia- 
tion with  these  forms.     It  is  not  uncommon  in 
the  clays  at  Puryear  but  has  not  as  yet  been 
correlated  with  the  foliage  of  the  tree  vvhich 
bore  it.     It  is  quite  possible  that  this  foliage  is 
represented  by  the  Wilcox  species,  based  on 
leaves  from  Tennessee  and  Louisiana,  which 
is  identified  as  Fraxinus  johnstrupi  Heer. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 
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Fraxinus  johnstrupi  Heer  (1). 

Plate  CI,  figure  6. 

Fnxinus  Johnstrupi.    Heer,  Flora  fossilis  arctica,  vol.  7, 
p.  113,  pi.  80,  figs.  1,  2, 1883. 
Hollick,  in  Harris,  G.  D.,  and  Veatch,  A.  C,  A  pre- 
liminary report  on  the  geology  of  Louisiana,  p.  287, 
pi.  44,  fig.  1, 1899. 

Description. — Heer's  description,  published 
in  1883,  is  as  follows: 

Fr.  foliolia  ovato-ellipticis,  basi  valde  insequalibus, 
maigine  dentatis,  nervis  secundariis  angulo  peracute 
Qgredientibus,  valde  camptodromis. 

This  species  was  described  by  Heer  from  the 
locality  in  western  Greenland  at  Atane  Kerd- 
luk,  which  he  regarded  as  part  of  his  Arctic 
Miocene  but  which  is  ahnost  certainly  of 
Eocene  age.  In  1890  HoUick  identified  it  with 
a  query  from  Louisiana.  His  material  is 
scanty  but  more  complete  than  that  from 
Greenland.  It  shows  a  petiolulate  inequi- 
lateral leaflet  about  11  centimeters  in  length  by 
about  4  centimeters  in  maximum  width,  the 
midrib  curved,  and  a  petiolule  about  9  mil- 
limeters in  length.  A  fragmentary  specimen 
is  also  contained  in  the  collections  from 
Tennessee,  and  it  is  not  rare  at  several  other 
localities. 

I  retain  the  query  after  this  species,  since  no 
complete  new  material  has  been  collected, 
although  in  so  far  as  comparisons  are  possible 
that  from  Louisiana  is  practically  identical 
with  the  Greenland  types  and  may  represent 
the  f  oUage  of  the  tree  represented  by  samaras 
in  the  clays  of  Wilcox  age  in  Tennessee.  The 
flora  from  Greenland  is  almost  certainly  some- 
what younger  than  the  Wilcox,  and  the  two 
have  very  few  characters  in  common,  differing 
markedly  in  this  respect  from  the  conditions 
shown  in  comparisons  between  the  Upper 
Cretaceous  floras  of  western  Greenland  ahd  the 
Atlantic  Coastal  Plain.  For  these  reasons  the 
occurrence  of  FraaAvAis  johnstrupi  is  of  especial 
interest. 

Occurrence, — ^Wilcox  group,  one-fourth  of  a 
mile  above  Coushatta,  Red  River  Parish,  La. 
(collected  by  G.  D.  Harris).  Grenada  forma- 
tion, Grenada,  Grenada  County,  Miss,  (col- 
lected by  E.  N.  Lowe  and  E.  W.  Berry). 
Lagrange  formation  (in  beds  of  Wilcox  age), 
Puryear,  Henry  County,  Tenn.  (collected  by 
E.  W.  Berry). 

Collections, — U.  S.  National  Museum;  New 
York  Botanical  Garden. 


Genus  OSMANTHUS  Lonreiro. 
OsMANTHUs  PEDATU8  (Lcsquercux)  Berry. 

Plate  CIV,  figure  1. 

Olea  americana,  Hilgard,  Report  on  the  geology  and  agri- 
culture of  Missifisippi,  pp.  108, 113, 1860. 

Laurus  pedatus,  Lesquereux,  Am.  Philos.  Soc.  Trans., 
vol.  13,  p.  418,  pi.  19,  fig.  1, 1869. 

Description, — Lesquereux's  description,  pub- 
lished in  1869,  is  as  follows: 

L.  foliis  coriaceis,  oblanceolatis,  in  petiolum  longe 
attenuatis  integerrimis;  nervo  primario  latiore,  piano, 
nervis  secundariis  tenuibus,  sub  angulo  sucnto  30°  egre- 
dientibus,  camptodromis,  areolatione  ultima  punctiformi. 

Lesquereux  states  that  his  description  and 
figure  of  this  species  were  made  from  a  single 
broken  specimen,  which  I  have  been  unable  to 
find  in  the  remains  of  the  HQlgard  collection  at 
the  State  University  of  Mississippi.  I  have, 
however,  collected  typical  specimens  from  the 
days  of  Henry  County,  Tenn.,  and  Lesque- 
reux's  description  quoted  above  may  be  ampU- 
fied  as  follows:  Leaves  oblanceolate  in  outline, 
the  tip  blimtly  pointed  and  the  base  long  and 
gradually  narrowed,  decurrent.  Length  about 
13  centimeters.  Maximimi  width,  in  the  upper 
half  of  the  leaf,  about  2.75  centimeters.  Mar- 
gins entire.  Texture  coriaceous.  Petiole 
short  and  stout,  somewhat  tumid.  Midrib 
stout,  prominent  on  the  lower  surface  of  the 
leaf.  Secondaries  thin  and  inmiersed  in  the 
leaf  substance,  subopposite  to  alternate,  diverg- 
ing from  the  midrib  at  angles  of  about  50°, 
curving  upward,  camptodrome.  Tertiaries 
thin,  approximately  straight,  transverse. 

Except  that  the  tertiaries  are  almost  obso- 
lete in  the  modem  form,  Osmanthus  pedaius  is 
indistinguishable  from  Osmanthus  americanus 
Bentham  and  Hooker,  which  is  foimd  in  wet 
situations  in  the  coastal  region  of  our  Southern 
States  from  southern  North  Carolina  to  eastern 
Louisiana.  Both  forms  show  the  same  oblance- 
olate outline,  bluntly  pointed  apex,  long  ta- 
pering base,  prominent  midrib,  and  immersed 
secondaries.  A  second  species,  Osmanthus 
Jloridana  Chapman,  foimd  in  the  hammocks  of 
peninsular  Florida,  bears  leaves  that  are  prac- 
tically identical  with  the  preceding.  I  have 
figured  a  nature  print  of  a  leaf  of  Osmanthus 
americanus  for  comparison  with  the  Wilcox 
species. 

The  genus  Osmanthus  embraces  about  10 
existing  species  of  eastern  and  southern  Asia, 
Polynesia,  and  southeastern  North  America. 
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The  fossil  record  is  not  extensive,  and  such 
forms  as  have  been  found  are  usually  referred 
to  the  allied  genus  Olea.  In  Hilgard's  section 
of  the  type  locality  for  this  species  he  mentions 
the  occurrence  of  what  he  calls  Olea  americana 
in  these  deposits,  which  undoubtedly  repre- 
sents the  species  now  under  discussion  and  was 
the  preliminary  determination  of  Lesquereux/ 
and  was  subsequently  altered  when  he  came  to 
publish  his  account  of  the  Mississippi  plants. 

The  present  species  occurs  in  the  Raton  for- 
mation of  the  Rocky  Mountain  province. 

Occurrence. — ^Ackerman  formation,  Hurleys, 
Benton  County  (formerly  part  of  Tippah 
County),  Miss,  (collected  by  E.  W.  Hilgard). 
Lagrange  formation  (in  beds  of  Wilcox  age), 
Puryear,  Henry  (bounty,  Tenn.  (collected  by  E. 
W.  Berry). 

CoUeciions. — ^U.  S.  National  Museimi. 

Family  APOCYNACEM. 
Genus  APOCTNOPHYLLUM  linger. 

Apocynophtllum  wilooxense  Berry,  n.  sp. 

Plates  GUI,  figuies  2  and  3,  and  CVIII,  figure  4. 

Description. — ^Leaves  oblong-lanceolate  and 
more  or  less  falcate  in  outline,  the  apex  sharply 
pointed  and  the  base  gradually  narrowed. 
Length  about  17  to  18  centimeters.  Maximum 
width  about  2.4  centimeters.  Margins  entire, 
sUghtly  revolute.  Petiole  not  preserved. 
Midrib  stout,  especially  proximad,  curved, 
prominent  on  the  lower  surface  of  the  leaf,  rela- 
tively thin  on  the  upper  surface.  Secondaries 
thin,  very  numerous,  approximately  1  milh- 
meter  apart,  subparallel,  immersed  in  the  leaf 
substance.  They  diverge  from  the  midrib  at 
wide  angles,  fully  90°  in  the  lower  part  of  the 
leaf,  and  pursue  a  nearly  straight  course, 
branching  somewhat  and  becoming  nearly  obso- 
lete at  the  margin.  There  may  be  marginal 
veins,  but  if  present  they  constitute  the  margin 
and  are  not  distinguishable.  Texture  very 
coriaceous. 

This  fine  large  species  is  very  imlike  any  pre- 
viously known  fossil  forms  from  the  American 
continent.  Among  the  Tertiary  floras  of 
Europe  it  is  most  similar  to  the  leaves  referred 
to  *the  genus  Neriiun  of  the  Apocynaceae,  for 
example    Nerium    bUinicum    Ettingshausen  ^ 

1  Hilgard,  E.  W.,  Report  on  the  geology  and  agricoltore  of  Mississippi, 
p.  109, 1860. 

sEttingsbausen,  C.  von,  Die  fossile  Flora  des  Tertifir-Beckens  von 
Bilin,  pt.  2,  p.  30,  pi.  36,  fig.  aO;  pi.  37,  fig.  2, 1868. 


from  the  Burdigalian  of  Bohemia  or  Nerium 
sarthacense  Saporta'  from  the  middle  Eocene 
of  France  (Sarthe).  It  is  also  much  like  the 
existing  Nerium  oleander  Linn6  of  Europe,  com- 
monly cultivated  as  an  ornamental  shrub,  espe- 
cially in  our  Southern  States.  Together  with 
an  allied  but  still  larger  species  it  is  not  uncom- 
mon in  the  Raton  formation  of  the  southern 
Rocky  Mountain  province. 

The  genus  Apocynophyllum  seems  preferable 
since  it  is  less  definite  than  Nerium  or  similar- 
leafed  existing  tropical  genera.  Its  use  indi- 
cates a  relationship  with  the  family  Apocy- 
naceaB  rather  than  with  the  genus  Apocynum 
Linnfi,  as  might  possibly  be  inferred. 

Fossil  species  of  Apocynophyllum  have 
rarely  been  recognized  in  American  Tertiary 
floras.  The  form  from  the  Eocene  of  the  Eaton 
Mountains  of  New  Mexico,  identified  by  Les- 
quereux  *  as  Quercu^  neriifolia  Alexander 
Braun,  is  not  that  species  and  it  has  been  prop- 
erly redefined  by  Ettingshausen  *  and  renamed 
Apocyn^ophyUum  lesquereuxii.  Another  species, 
Apocynophyllum  heerii  Ettingshausen  occurs  in 
the  Eocene  of  Greenland. 

Occurrence. — HoUy  Springs  sand,  gully  at 
Oxford,  Lafayette  County,  Miss,  (collected  by 
E.  W.  Berry).  Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry).  Wilcox  group,  U 
miles  northeast  of  Mansfield  and  2  miles  south 
of  Naborton,  De  Soto  Parish,  La.  (collected  by 
G.  C.  Matson  and  O.  B.  Hopkins). 

Collections. — U.  S.  National  Museum. 

ApoctnopHyllu  mmississippiensis  Berry,  n.sp. 

Plate  CVIII,  figure  6. 

Description. — Leaves  relatively  large,  lan- 
ceolate in  general  outline,  widest  midway  be- 
tween the  apex  and  the  base,  the  margins  in- 
curving uniformly  to  the  acutely  pointed  apex 
and  the  greatly  decurrent  base.  Length  about 
13  centimeters.  Maximmn  width  about  3.5 
centimeters.  Margins  entire,  full,  and  evenly 
rounded.  At  the  base  the  lamina  on  each  side 
narrows  like  it  does  in  the  apex  to  less  than  2 
millimeters  from  the  petiole,  where  it  recurves 
and  follows  a  coiu:se  parallel  with  the  petiole 

>  Cri^,  L.,  Recherches  sur  le  v^gdtation  de  I'ouest  de  la  France  H  T^poque 
tertlaire,  p.  45,  pi.  L,  flgs.  70-73, 1877. 

*  Lesquereux,  Leo,  The  Tertiary  flora,  p.  150,  pi.  19,  fig.  5, 1878. 

6  Ettingshausen,  C.  von,  K.  Akad.  Wisa.  Wien  Denkschr.,  vol.  47,  p.  32, 
1883. 
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to  its  extreme  base,  forming  petiolar  wings, 
each  from  1  to  2  millimeters  wide.  Leaf  tex- 
tm'e  subcoriaceous.  Petiole  stout,  grooved, 
about  2  centimeters  in  length.  Midrib  stout 
below,  becoming  thin  in  the  upper  part  of  the 
leaf,  longitudinally  striated,  somewhat  prom- 
inent on  the  lower  surface  in  the  proximal  half 
of  the  leaf.  Secondaries  thin,  largely  immersed 
in  the  leaf  substance;  15  to  20  irregulariy 
spaced  and  mostly  alternate  pairs  diverge  from 
the  midrib  at  angles  of  about  45°,  curving 
slightly  outward  and  then  upward,  campto- 
drome  in  the  marginal  region.  Tertiaries  not 
well  marked;  some  are  parallel  and  between 
secondaries  and  others  percurrent;  they  are 
fine  and  largely  immersed. 

This  species  is  readily  separable  from  the 
other  Wilcox  species  of  Apocynophyllum,  its 
peculiar  deciurent  base  alone  rendering  it 
easily  recognizable.  It  is  intermediate  in  its 
resemblances  between  ApocynophyUum  sapiv^ 
difolium  Hollick  and  ApocynophyUum  tabel- 
larum  (Lesquereux)  Berry.  It  is  less  oblong 
in  outline  than  either  species ;  the  secondaries 
are  more  numerous  than  those  of  sapindi- 
folium  and  much  fewer  than  those  of  taheUarum. 
It  is  not  common  in  the  collections. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry).  Wilcox  group,  1} 
miles  northeast  of  Mansfield,  De  Soto  Parish, 
La.  (collected  by  G.  C.  Matson). 

Collections. — V.  S.  National  Museum. 

Apocynophyllum  tabellakum  (Lesquereux). 

Plates  CII,  figures  2-6,  and  CIII,  figure  5. 

Salix  tabellaris.    Lesquereux,  Am.   Philos.  Soc.  Trans., 
vol.  13,  p.  414,  pi.  17,  fig.  4,  1869. 

Description. — Lesquereux's  description,  pub- 
lished in  1869,  is  as  follows: 

Foliis  elongatis,  ultra  poUicaribus  latis,  linearibus,  mar- 
gine  parallelis,  ijitegerrimis,  in  petiolum  attenuatis;  nervo 
medio  lato,  nervis  secundariis  numerosis,  irr^ularibus, 
angustis,  camptodromis. 

The  type,  from  the  "  soft  white  clay  of  Lafay- 
ette County,  Miss.,''  was  collected  by  Hilgard 
and  described  by  Lesquereux.  It  probably 
consisted  of  the  single  specimen  figured,  which 
I  have  not  been  able  to  find  in  the  remains  of 
the  Hilgard  collection  at  Oxford,  Miss.  Addi- 
tional material  has  been  found  in  abimdance 
in  the  days  at  Puryear,  Tenn.,  and  elsewhere, 


and  the  species  may  be  somewhat  more  fully 
characterized  as  follows: 

Leaves  oblong-lanceolate  in  outline,  the 
apex  short  but  sharply  pointed  and  the  base 
more  narrowly  pointed  and  slightly  decurrent. 
Length  about  17  centimeters.  Maximum 
width  about  4  centimeters,  the  average  being 
somewhat  less  than  this  figure.  Margins  entire 
but  slightly  undulate,  deeply  constricted  in  one 
specimen.  Petiole  short  and  stout,  less  than 
1  centimeter  in  length.  Midrib  stout,  promi- 
nent on  the  lower  surface  of  the  leaf.  Second- 
aries thin,  very  numerous,  somewhat  irregularly 
spaced,  subparallel;  they  diverge  from  the 
midrib  at  angles  of  about  60°  at  intervals  of 
1  to  3  millimeters  and  run  outward  with  only 
a  slight  curvature  to  the  marginal  region,  where 
they  curve  upward  parallel  with  it  to  form  a 
series  of  rapidly  reduced  camptodrome  arches. 
Tertiaries  mostly  obsolete,  indistinctly  shown 
in  one  of  the  figured  specimens.  Texture  co- 
riaceous. 

Lesquereux  compared  this  species  with  the 
European  Miocene  Salix  Tonga  Alexander 
Braun,  and  thought  that  it  might  even  be  a 
variety  of  that  widespread  type.  The  species 
is  obviously  not  related  to  Salix  longa  nor  is  it 
even  a  Salix  in  either  size,  outline,  venation, 
or  texture.  It  is,  however,  closely  alUed  to  a 
number  of  tropical  American  genera  of  the 
Apocynaceae  and  very  close  to  the  numerous 
Tertiary  species,  of  which  at  least  two  score, 
mostly  European  forms,  have  been  described. 
American  fossil  species  are  unconmion.  Les- 
quereux *  described  ApocynopTiyUum  scudderi 
from  the  Green  River  formation  of  Wyoming. 
It  is  very  distinct,  however,  from  any  Wilcox 
species.  Hollick '  referred  a  fragmentary  speci- 
men from  this  horizon  in  Louisiana  to  Apocyno- 
phyUum, and  though  I  have  since  collected  more 
complete  material,  the  generic  reference  can 
not  be  said  to  be  conclusively  established. 
ApocynophyUum  sapindifolium  Hollick  has  the 
same  general  outline  but  is  a  smaller  leaf  and 
has  a  more  obtuse  apex,  longer  petiole,  and 
less  numerous,  relatively  distant  secondaries. 

Apocynophyllum  tahellarum  suggests  to  a 
certain  extent  some  American  species  of  the 
genus  Chrysophyllum  of  the  Sapotacese,  and 

1  Lesquereux,  Leo,  The  Cretaceous  and  Tertiary  floras,  p.  172,  pi.  45a, 
flga.  1-5, 1883. 

« Hollick,  Arthur,  in  Harris,  G.  D.,  and  Veatch,  A.  C,  A  preliminary 
report  on  the  geology  of  Louisiana,  p.  288,  pi.  46,  flg.  3, 1899. 
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though  relatively  narrower  and  more  elongated 
somewhat  resembles  ChrysophyUum  Jicifolia 
Berry,  -described  from  the  basal  beds*  of  Wilcox 
age  near  Pinson^  Tenn. 

Occurrence. — Holly  Springs  sand,  Oxford,  La- 
fayette Coxmty  (collected  by  E.  W.  Hilgard), 
and  Vaughns,  near  Lamar,  Benton  County,  Miss, 
(collected  by  L.  C.  Johnson).  Wilcox  group,, 
near  Boydville,  Clay  County,  Ark.  (collected  by 
E.  W.  Berry);  sec.  29,  T.  13  N.,  R.  12  W.;  4i 
miles  southeast  and  3  miles  southwest  of  Na- 
borton,  De  Soto  Parish,  La.  (collected  by  G.  C. 
Matson  and  O.  B.  Hopkins);  and  Old  Port 
Caddo  Landing,  Little  Cypress  Bayou,  Harrison 
County,  Tex.  (?)  (collected  byT.  W.  Vaughan). 
Lagrange  formation  (in  beds  of  Wilcox  age), 
Puryear,  Henry  County,  Tenn.  (collected  by 
E.  W.  Berry). 

Collections. — U.  S.  National  Museum. 

Apocynophyllum  sapindifolium  Hollick. 

Plates  Oil,  figure  1,  and  CVIII,  figure  5. 

Apocynophyllum  sapindifolium.  Hollick,  in  Harris,  G.  D,, 
and  Veatch,  A.  C,  A  preliminary  report  on  the 
geology  of  Louisiana,  p.  288,  pi.  46,  fig.  3,  1899. 

Description. — ^HoUick's  description,  published 
in  1899,  is  as  follows: 

Leaf  lanceolate,  entire,  slightly  inequilateral,  narrowed 
and  decurrent  for  a  short  distance  at  the  base;  midrib 
strong;  secondaries  thin  and  regular,  leaving  the  mid- 
rib at  an  acute  angle  near  the  base,  at  a  slightly  more 
obtuse  angle  upward,  running  parallel  to  each  other  for 
a  short  distance,  and  approaching  each  other  close  to 
the  margin,  where  they  curve  upward;  tertiary  nervation 
straight,  subparallel,  and  essentially  at  right  angles  to 
the  secondaries. 

Complete  material  shows  that  the  apex  was 
not  elongated  but  was  rather  abruptly  and 
obtusely  pointed,  that  the  margin  in  some 
individuals  was  slightly  undulate,  and  that  the 
petiole  was  very  stout  and  about  1.75  centi- 
meters in  length.  Thfe  dimensions  of  the  whole 
leaf  are  as  follows:  Length  about  12  centi- 
meters; maximum  width  about  3  centimeters. 

This  species  was  described  from  an  incom- 
plete specimen  from  Coushatta,  La.,  and  com- 
pared with  Ficus  lanceolata  (Heer)  Weber,* 
Lauras  princeps  Heer,^  and  Lauras  primigenia 
Unger.*    The   first   is    a    younger   composite 

1  Lesquereux,  Leo,  The  Tertiary  flora,  pi.  28,  figs.  1-5, 1878. 

s  Lesquereux,  Leo,  The  Cretaceous  and  Tertiary  floras,  pi.  58,  fig.  2, 
1883. 

s  Veloiovsky,  Josef,  Die  Flora  aus  den  ausgebrannten  terti&ren  Letten 
von  Vfsovic  bei  Laun,  pi.  5,  fl^.  1-5, 1882. 


form,  and  my  material  shows  that  the  present 
species  represents  a  leaf  altogether  lacking  the 
narrowed  tip  of  Lesquereux's  material.  The 
third  comparison  loses  force  from  the  fact  that 
such  a  variety  of  probably  unrelated  leaves 
have  been  referred  to  Lauras  primigenia  that 
the  comparison  is  worth  but  very  little.  The 
second  comparison  is  valid,  and  I  am  not  sure 
that  the  southern  material  is  not  identical  with 
that  from  the  Eocene  of  California.  A  similar 
but  somewhat  larger  leaf  is  figured  by  Knowlton  * 
from  the  early  basic  breccias  of  Fort  Unioh  age 
in  the  Yellowstone  Park,  and  this  also  is  very 
dose  to  the  present  form  if  not  identical  with 
it.  Lauras  princeps  is  another  species  that  has 
been  too  freely  identified  from  nimierous  locali- 
ties and  horizons,  so  that  rather  than  make  any 
ill-advised  changes  at  this  time,  the  species 
under  discussion  is  allowed  to  stand  as  described 
by  Hollick. 

It  is  smaller  than  Apocynophyllum  taheUarum 
(Lesquereux)  Berry  of  the  Wilcox  flora,  and  has 
a  longer  petiole  and  much  fewer  secondaries. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N.  Lowe 
and  E.  W.  Berry).  Wilcox  group,  one-fourth 
mile  above  Coushatta,  Red  River  Parish,  La. 
(collected  by  A.  C.  Veatch),  and  Benton,  Saline 
County,  Ark.  (collected  by  R.  E.  Call).  La- 
grange formation  (in  beds  of  Wilcox  age),  Pur- 
year, Henry  County,  Tenn.  (collected  by  E.  W. 
Berry). 

Collections. — U.  S,  National  Museiun;  New 
York  Botanical  Garden. 

Apocynophyllum  constrictum  Berry,  n.  sp. 

Plate  cm,  figure  4. 

Description. — ^Leaves  relatively  short  and 
broad,  ovate-lanceolate  in  outline,  constricted 
at  the  middle  by  a  pair  of  deep,  opposite,  nar- 
rowly pointed  sinuses  into  a  lower  elliptical 
segment  and  a  distal  ovate-lanceolate  seg- 
ment. Base  rounded.  Base  of  distal  segment 
rounded,  its  apex  narrowed  and  bluntly  pointed, 
sUghtly  inequilateral.  Margins  full,  rounded, 
and  entire,  except  for  the  sinuses  just  men- 
tioned. Petiole  short  and  stout,  about  1  milli- 
meter in  length.  Midrib  stout  below,  becom- 
ing thin  distad.     Secondaries  numerous,  paral- 

*  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Mon.  32,  pt.  2,  p.  725,  pi.  «», 
fig.  3, 1899. 
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lei,  straight,  craspedodrome,  diverging  from  the 
midrib  at  very  wide  angles  in  the  proximal 
segment,  more  widely  spaced  and  more  as- 
cending in  the  distal  segment. 

This  species  is  based  on  the  single  specimen 
figured,  which  was  collected  many  years  ago 
by  R.  E.  Call  for  the  Arkansas  Geological  Sur- 
vey. It  came  from  the  clays  of  the  Henderson 
pit  at  Benton,  Ark.,  long  since  worked  out  and 
abandoned,  so  that  the  chances  are  against 
finding  additional  material  except  from  out- 
crops not  yet  discovered. 

It  may  be  an  anomalous  leaf,  since  marginal 
irregularities  are  commonly  observed  in  the 
leaves  of  Nerium  oleander  Linn6,  some  speci- 
mens suggesting  by  their  outUne  the  lobate 
forms  of  the  Mesozoic  cycadophyte  genus  Nil- 
sonia.  A  constricted  leaf  of  ApocynophyUum 
tabeUarum  is  figured  on  the  accompanying 
plates.  If  the  constricted  form  be  interpreted 
as  a  variant  from  a  normally  entire  ovate- 
lanceolate  leaf,  it  is  still  readily  distinguish- 
able from  the  Wilcox  species  ApocynophyUum 
wilcoxense  Berry  by  its  smaller  size  and  rela^ 
tive  shortness  and  breadth. 

Occurrence. — ^Wilcox  group,  Benton,  Saline 
County,  Ark.  (collected  by  R.  E.  Call). 

Collection. — U.  S.  National  Museum. 

Genus  ECHTTONIUM  Unger. 

EcHiTONiUM  LANCEOLATUM  Ettingshauscn. 

Plate  cm,  figure  1. 

Echitonium    lanceolatum.    Ettingshausen,    Beitrage    zur 

Kenntniss  der  Terti&rflora  Australiens:    K.  Akad. 

Wise.  Wien  Denkschr.,  vol.  47,  p.  134,  1883. 
Laurus  reussii.    Heer  (not  Ettingshausen),  Flora  fosailis 

arctica,  vol.  6,  pt.  2,  p.  12,  pi.  3,  fig.  14, 1880;  idem^ 

vol.  7,  p.  105,  pi.  77,  figs.  1-7,  1883. 

Description. — The   following    description    is 
drawn    from    the    material    from    Tennessee, 
which  has  been  referred  to  this  species,  which 
differs  in  minor  particulars  from  the  leaf  from 
Greenland  on  which  Ettingshausen  based  his 
diagnosis:    Leaves   oblong-lanceolate   in   out- 
line, more  or  less  falcate,  the  apex  and  base 
rather     shortly    pointed.     Length    about    11 
centimeters.     Maximum  width  about  2.1  centi- 
meters.    Margins  entire,  parallel  for  a  consid- 
erable    distance    medially.     Texture    subcori- 
aceous.      Petiole  short  and  expanded,   tumid 
proximad,  about  4  millimeters  in  length.     Mid- 
rib stout   and  curved,  becoming  thin  distad. 


Secondaries  numerous,  thin,  about  12  sub- 
opposite  to  alternate  camptodrome  pairs,  di- 
verging from  the  midrib  at  angles  of  45°  or 
more,  curving  upward  in  the  marginal  region. 
Tertiaries  mostly  obsolete. 

In  1880  Heer  identified  a  single  small  leaf 
from  the  Eocene  of  Greenland  as  Laurus 
reussii  Ettingshausen,  a  European  species. 
Ettingsha.usen  three  years  later  pointed  out 
that  the  form  from  Greenland  was  not  identi- 
cal with  his  Laurus  reussii  and  redescribed 
Heer's  species  as  Echitonium  lanceolatum. 
The  same  year  Heer  published  several  addi- 
tional figures  of  forms  from  Greenland  that  he 
identified  as  Laurus  reussii.  These  are  similar 
to  the  form  that  he  described  in  1880  but  range 
to  a  larger  size,  and  these  larger  leaves  with 
short  tumid  petioles  are  identical  with  the  Wil- 
cox leaves.^  The  smaller  leaves  from  Green- 
land were  used  by  Ettingshausen  in  framing 
his  diagnosis  of  Echitonium  lanceolatum.  They 
have  longer  petioles  and  fewer  secondaries  than 
the  larger  leaves,  but  all  are  probably  variants 
of  a  single  species. 

The  genus  Echitonium  was  described  by 
Unger  and  contains  from  8  to  10  species, 
mostly  European,  ranging  from  the  Paleocene 
through  the  Miocene.  It  is  based  on  forms 
comparable  with  the  existing  genus  Echites 
Linn€,  which  embraces  about  two  score  species 
of  tropical  America  (West  Indies  and  Antilles 
and  northern  South  America). 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Order  POLEMONIALJBS. 

Family  BOBAGINACEA. 

Genus  CORDIA  Linii^. 

CoRDiA  EocENicA  Berry,  n.  sp. 

Plate  CVI,  figures  11  and  12. 

Description. — ^Leaves  oblong-ovate  in  out- 
line, the  apex  acute  and  the  base  broadly 
cuneate  or  rounded.  Length  ranges  from  6.5 
to  10  centimeters.  Maximum  width,  in  the 
lower  half  of  the  leaf,  ranges  from  2.8  to  4 
centimeters.  Petiole  short  and  stout.  Mid- 
rib stout.  Secondaries  thin,  remote;  six  or 
seven  alternate  pairs  diverge  from  the  midrib 

I  Compare  pi.  103,  flg.  1,  of  this  paper  with  Heer's  pi.  77,  fig.  6. 
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They  diverge  from  the  midrib  at  angles  of  about 
50°  and  are  relatively  straight.  Tertiaries  ob- 
solete. 

This  species,  which  is  rare  in  my  collections, 
is  very  close  to  Citharexylon  vUlosum  Jacquin,  a 
small  tree  of  the  Florida  Keys,  Bahamas,  and 
AntUles,  diflfering  merely  in  the  more  numer- 
ous, straighter,  and  less  ascending  secondaries 
of  the  fossil  form.  The  genus  Citharexylon 
includes  more  than  a  score  of  species  confined 
to  tropical  America,  where  they  are  distributed 
through  the  West  Indies  to  southern  Mexico, 
Lower  California,  Bolivia,  and  Brazil.  One  or 
two  species  have  been  doubtfully  recorded 
from  the  European  Miocene. 

Occurrence. — Holly  Springs  sand,  Holly 
Springs,  Marshall  Coimty,  Miss,  (collected  by 
E.  W.  Berry).  Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Genus  AVICENNIA  Unn6. 

AviCENXiA  EOCENICA  Berry,  n.  sp. 
Plate  CIV,  figure  6. 

Description. — Fruit  capsular,  ovate,  and 
slightly  oblique  in  outline,  widest  in  the  median 
portion  and  narrowing  almost  equally  in  both 
directions,  truncate  proximad,  shortly  apicu- 
late  distad,  greatly  compressed.  Length  2.7 
centimeters.  Maximum  width  1.35  centime- 
ters. Pericarp  thin,  coriaceous,  feebly  ridged 
-with  two  or  three  slight  longitudinal  eleva- 
tions, longitudinally  striated. 

The  identification  of  the  present  form  with 
the  capsule  of  Avicennia  is  not  conclusively 
proved,  although  the  resemblance  between  the 
fossil  and  a  single  valve  of  the  tardily  dehiscent 
capsule  of  such  a  modem  form  as  Avicennia 
nitida  Jacquin  amoimts  as  nearly  to  proof  as 
is  possible  with  detached  parts  of  fossil  vegeta- 
tion, especially  as  Avicennia-like  leaves  are 
also  present  at  this  horizon.  Tliis  form  is 
slightly  smaller  and  more  nearly  symmetric 
than  a  valve  of  a  capsule  of  the  black  man- 
grove; otherwise  the  resemblance  is  complete. 
It  is  possible  that  the  Wilcox  species  of  Citha- 
rexylon based  on  foliage  may  be  the  foliage  of 
Avicennia  eocenica,  although  the  form  appears 
to  be  more  closely  allied  with  Citharexylon. 

The  genus  Avicennia  mcludes  about  30  exist- 
ing species  widely  distributed  on  the  muddy 


tidal  shores  of  the  Tropics  of  both  hemi- 
spheres. 

Occurrence. — ^Lagrange  formation  (ia  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Avicennia  nitidaformis  Berry,  n.  sp. 

Plate  CVII,  figure  4. 

Description. — ^Leaves  medium  sized,  lanceo- 
late in  general  outline  and  as  a  rule  somewhat 
falcate  and  consequently  slightly  inequilateral, 
widest  in  the  middle  and  tapering  to  both  ends. 
Apex  narrowly  rounded.  Base  cuneate. 
Length  about  8  centimeters;  maximum  width 
at  or  slightly  below  the  middle,  about  2.1  centi- 
meters. Margins  entire,  in  many  specimens 
irregularly  curved.  Texture  coriaceous.  Pet- 
iole short  and  stout.  Midrib  stout,  promi- 
nent on  the  lower  surface  of  the  leaf.  Second- 
aries stout,  somewhat  prominent;  nine  or  ten 
pairs  diverge  from  the  midrib  at  angles  be- 
tween 35°  and  40°,  ascending  with  but  slight 
curvature  close  to  the  margins,  where  they 
turn  upward  rather  abruptly  to  join  the  sec- 
ondary next  above  and  thus  collectively  form 
a  pseudoacrodrome  marginal  vein  along  each 
margin.  Tertiaries  immersed  in  the  leaf  sub- 
stance. 

This  species  is  not  common  in  the  collec- 
tions. It  may  be  matched  with  some  of  the 
leaves  of  the  existing  Avicennia  nitida  and  in 
connection  with  the  fruits  from  Puryear,  Tenn., 
described  as  Avicennia  eocenica,  renders  the 
generic  determination  reasonably  conclusive. 
What  is  almost  certainly  a  second  fossil  occur- 
rence of  Avicennia  may  be  seen  in  a  form  from 
the  Tertiary  of  Colombia,  which  Engelhardt  * 
erroneously  referred  to  the  myrtaceous  genus 
Jambosa  Rumphius  and  compared  with  the 
oriental  Jambosa  vulgaris  De  CandoUe,  exten- 
sively cultivated  in  tropical  South  America. 

All  the  existing  species  are  inhabitants  of 
tidal  muddy  shores  and  are  cosmopolitan  in 
tropical  regions.  One  species,  Avicennia  nitida, 
reaches  the  Florida  coast.  Its  leaves  exhibit 
considerable  variation,  both  in  size  and  out- 
line, ranging  from  smaU  obovate  to  lanceolate 
and  lanceolate-eUiptical  forms,  which  may  be 
rounded  or  acuminate  distad.     Among  numer- 

^  Engelhardt,  Hermann,  Senckenbergische  naturf.  Oesell.  Abh.,  vol. 
19,  p.  35,  pi.  9,  ftgs.  6,  7, 1895. 
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ous  leaves  of  this  species  the  fossil  is  nearer  to 
the  average  form  of  the  existing  species  than  to 
any  of  its  variants.  It  agrees  rather  closely 
in  size,  outline,  and  venation  with  this  mean 
form,  but  is  relatively  slightly  narrower. 

A  characteristic  view  showing  the  habit  and 
habitat  of  the  black  mangrove  and  serving  to 
suggest  the  appearance  and  environment  of 
the  Wilcox  form  is  shown  on  Plate  VII,  B 

(p.  177). 

Occurrence. — Holly  Springs  sand,  Eariy 
Grove,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

CoUection. — ^U.  S.  National  Museimi. 

Family  SOLANACEA. 
Genus  SOLANITES  SaporCa. 

SOLANITES    SAPORTANA  BciTy,  n.  sp. 
Plate  CVI,  figures  4  and  5. 

Description. — Flower  gamopetalous.  Calyx 
inferior,  gamosepalous.  CoroUa  rotate,  de- 
pressed internally  to  form  a  short  open  throat, 
the  limb  five  parted,  the  lobes  narrow  and  cu- 
neate  pointed,  separated  by  relatively  deep 
angular  sinuses.  There  are  traces  of  stamens, 
which  appear  to  have  been  five  in  number,  in- 
serted on  the  coroUa,  and  alternate  with  the 
corolla  lobes,  their  anthers  not  connate.  Pistil 
not  discernible.  The  flower  is  small,  about  6 
or  7  millimeters  across  the  limb.  The  corolla 
lobes  are  about  2.5  millimeters  in  length  and 
1.75  millimeters  in  maximum  width,  at  their 
base.  The  flowers,  which  must  have  been  of 
considerable  consistency,  are  preserved  close 
together  in  the  type  and  only  specimen,  which 
may  be  taken  to  indicate  that  the  flowers 
were  not  solitary  but  grouped  in  a  cymose 
inflorescence. 

This  unique  specimen  was  collected  from  the 
fine-grained  plastic  clays  at  HoUy  Springs,  and 
though  exceptional  as  the  imprint  of  a  flower 
the  essential  organs  are  flattened  and  incom- 
plete. A  canvass  of  the  floral  structures  of  the 
natural  orders  leads  at  once  to  the  Solanacese, 
and  since  it  is  impossible  to  allocate  the  flower 
with  precision  in  any  of  the  nimierous  genera 
of  this  family  it  is  referred  to  the  fonn  genus 
Solanites.  This  genus  was  described  by  Sa- 
porta  *  for  floral  remains  of  small  size  and  rare 
occurrence  in  the  Sannoisian  of  Aix,  in  south- 
eastern France,  which  he  constituted  as  the 

1  Saporta,  O.  de,  Etudes  sur  la  V(^g(§tation  du  sud-est  de  la  France  & 
I'^poque  tertialre,  vol.  1,  p.  109, 1863. 


single  species  Solanites  brongniarti.^  This  he 
compared  in  a  most  painstaking  way  with  the 
flowers  of  certain  existing  Solanacese  and  con- 
cluded that  it  was  most  similar  to  the  flowers 
in  the  genus  Saracha  Ruiz  and  Pavon  of  Central 
America  and  northwestern  South  America. 
This  also  seems  to  be  true  of  the  Wilcox  flower 
described  above,  which  is  very  similar  to  Solan- 
ites hrongniartij  although  less  completely  pre- 
served. I  have  reproduced  some  of  the  figures 
of  the  type  of  Solanites,  as  well  as  of  Sarracha 
and  Witheringia,  and  have  named  the  Ameri- 
can species  in  honor  of  the  Count  de  Saporta, 
one  of  the  most  profound  students  of  fossil 
floras  who  graces  the  annals  of  paleobotany. 

The  genus  Sarracha  comprises  about  a  dozen 
species  of  existing  plants  distributed  from 
Mexico  to  Bolivia.  In  this  connection  atten- 
tion should  be  called  to  a  form  from  the  Ter- 
tiary of  Bolivia  described  by  Engelhardt'  as 
Antholithes  quinqaepartila,  which  is  very  similar 
to  the  Wilcox  form  and  should  probably  be 
considered  as  congeneric. 

Occurrence, — ^Holly  Springs  sand,  Holly 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

CoUection, — U.  S.  National  Museum. 

Order  RT7BIALES. 

Family  RT7BIACSA. 

Genus  GUETTARDA  EndUcher. 

GuETTARDA  ELLiPTiciFOLiA  Berry,  n.  sp. 

Plate  CVI,  figures  1  and  2. 

Description. — Leaves  mediiun  sized  or  sraall^ 
more  or  less  broadly  ovate  and  generally 
falcate  in  outline.  The  apex  has  a  short  wide 
point  or  is  narrowly  rounded.  Base  generally 
inequilateral,  broadly  cuneate,  or  slightly  de- 
current.  Length  ranges  from  4  to  6  centi- 
meters. Maximum  width,  in  the  middle  part 
of  the  leaf,  ranges  from  2  to  2.5  centimeters. 
Margins  entire,  irregularly  undulate  in  many 
specimens.  Texture  subcoriaceous.  Petiole 
stout,  curved,  about  5  millimeters  in  length. 
Midrib  stout,  curved,  prominent  on  the  lower 
surface  of  the  leaf.  Secondaries  stout;  seven 
or  eight  opposite  to  alternate  pairs  diverge 
from  the  midrib  at  angles  of  45°  to  50°,  pursu- 

s  Idem,  pi.  11,  fig.  2. 

» Engelhard t,  Hermann,  Naturwias.  Qesell.  Isis  In  Dresden  A^*^*» 
1894,  p.  13,  pi.  1,  fig.  57. 
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ing  a  relatively  straight  course,  camptodrome. 
Tertiaries  obsolete. 

This  species  is  named  from  its  great  re- 
semblance to  GueUarda  eUiptica  Swartz,  a 
small  tree  of  the  coastal  region  that  has  a 
buttressed  trunk;  it  inhabits  the  more  southern 
Florida  Keys,  the  Bahamas,  and  the  West 
Indies.  The  genus  Guettarda,  which  com- 
prises about  50  existing  species,  is  chiefly  de- 
veloped in  tropical  America.  One  species  is 
widelv  distributed  on  maritime  shores  from 
tropical  eastern  Africa  to  Australia  and 
Oceanica,  its  habitat  forming  a  just  com- 
parison with  that  of  the  fossil  species. 

Occurrence. — Holly  Springs  sand,  HoUy 
Springs,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry).  Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collections, — U.  S.  National  Museum. 

Genus  EXOSTEMA  Richard. 

ExosTEMA  PSEUDOcARiB-fflUM  Berry,  n.  sp. 

Plate  CVI,  figure  3. 

Description. — ^Leaves    small,    lanceolate    in 
general  outline,  the  apex  and  base  narrowed 
and  acutely  pointed.     Length  about  6  to  7 
centimeters.     Maximum   width,    midway   be- 
tween the  apex  and  the  base,  about  1.75  centi- 
meters.    Margins   entire,   slightly   irregularly 
curved.     Leaf  substance  thin.     Petiole  stout, 
terete,  swollen  in  its  lower  part,  about  7.5  milli- 
meters in  length.   Midrib  stout  below,  becoming 
thin    distad.      Secondaries    nimierous,    thin; 
about   10  pairs  diverge  from  the  midrib   at 
diflFerent  angles,   averaging  between  45°  and 
50°,  and  are  as  a  rule  but  slightly  curved  until 
they  reach  the  marginal  region,  where  they 
become  subparaUel  with  the  margins  in  the 
usual  camptodrome  manner.   Tertiary  venation 
distinct,  consisting  of  marginal  arches  and  of 
intermediate  veins  from  the  midrib,  parallel 
with    the   secondaries,    combined   with    cross 
ncrvilles  in  different  directions,  forming  rela- 
tively large  four,  five,  or  six  sided  areolae. 

This  species  is  contained  in  old  collections 
from  Wickliffe,  Ky.,  labeled  Sapindus  duhius. 
It  is  almost  identical  in  all  its  characters  with 
the  existing  Exostema  carihaeum  Rocmcr  and 
Schultes,  which  ranges  from  the  Florida  Keys 
through  the  Antilles,  the  coast  region  of  south- 
em  Mexico  and  Central  America,  and  occurs 


also  on  the  Pacific  coast  of  Central  America. 
The  genus  consists  of  about  a  score  of  species 
of  shrubs  and  small  trees,  exclusively  American 
and  confined  to  the  Tropics  and  subtropics. 
They  are  most  abundant  on  the  Antilles,  and 
only  Exostema  carihseum  reaches  the  Florida 
mainland.  So  far  as  I  know  the  genus  has  not 
been  previously  recognized  in  the  fossil  state. 

Occurrence. — HoUy  Springs  sand.  Early 
Grove,  Marshall  County,  Miss,  (collected  by  E. 
W.  Berry).  Lagrange  formation  (in  beds  of 
Wilcox  age),  Wickliffe,  Ballard  County,  Ky. 
(collected  by  R.  H.  Loughridge). 

Collections. — ^U.  S.  National  Museum. 

Genns  PSYCHOTRIA  Linnfi. 

PSYCHOTRIA     GRANDIFOLIA     Eugclhardt. 

Plate  CV,  figure  1. 

Paychotria  grandifolia.  Engelhard  t,  Senckenbeigische 
naturf.  Gesell.  Abh.,  vol.  16,  p.  656,  pi.  11,  fig.  4, 
1891. 

Description. — ^Leaves  large,  oblong  lanceo- 
late in  general  outline,  greatly  elongated, 
widest  in  the  middle  part,  tapering  upward 
to  the  abruptly  narrowed  and  bluntly  pointed 
tip,  and  abruptly  to  the  broadly  cuneate  base. 
Length  about  21  centimeters.  Maximum 
width,  midway  between  the  apex  and  the  base, 
about  6.5  centimeters.  Margins  entire,  full, 
and  somewhat  undulate.  Texture  coriaceous. 
Petiole  not  preserved,  obviously  very  stout. 
Midrib  stout  and  prominent.  Secondaries 
stout;  about  15  or  16  pairs  diverge  from  the 
midrib  at  angles  of  about  70°,  curving  regu- 
larly upward  and  camptodrome  in  the  marginal 
region.  Tertiaries  form  pseudosecondaries,  al- 
ternating with  the  true  secondaries.  Areola- 
tion  fine,  largely  immersed.  An  uncommonly 
small  leaf  measures  but  11.3  centimeters  in 
length  by  33.5  millimeters  in  maximum  width. 

The  present  striking  species  may  be  compared 
with  the  Wilcox  species  Anona  wilcoxiana 
Berry  or  A.  eolignitica  Berry,  but  it  does  not 
equal  the  largest  leaves  of  A.  ampla  Berry.  It 
differs  from  the  latter  species  in  its  much 
narrower,  slightly  inequilateral,  leas  pointed 
form  and  in  the  details  of  venation.  It  is 
much  more  elongated  and  straight-sided  than 
the  other  two  Wilcox  species  previously 
mentioned,  with  narrower  tip  and  base  and 
more  numerous  secondaries.  Of  the  two  it 
is  perhaps  closest  to  the  larger  leaves  of  A^wna 
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eolignitica.  It  is  very  similar  to  the  leaves  of 
several  existing  tropical  species  of  Anona. 

I  am  unable  to  separate  this  striking  form 
from  the  species  described  by  Engelhardt  from 
the  early  Tertiary  of  Chile.  The  genus  Psy- 
chotria,  to  which  it  is  referred,  includes  many 
existing  tropical  shrubs  and  treas,  of  which 
two-thirds,  or  about  230  species,  are  peculiar  to 
the  West  Indies,  Central  America,  Brazil,  and 
Peru.  The  fossil  form  may  be  compared  with 
P»ychotrUi  grandis  Swartz,  a  shrubby  form 
ranging  from  the  West  Indies  (Cuba,  Jamaica, 
etc.)  to  Mexico  and  Central  .\jnerica. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

CoUedian. — U.  S.  National  Museum. 

TNCEBTM  SEDIS. 
Genus  ANTHOLTTHUS  Brongnlart. 

Antholithus  ARUNDrrES  Berry,  n.  sp. 

Plate  CXII,  figure  6. 

Description, — The  inflorescence  shown  in 
Plate  CXII,  figure  6,  has  an  extraordinarily 
stout  axis  that  bears  a  compact  cluster  of 
small  flowers,  which  are  very  imperfectly 
preserved,  the  only  feature  that  can  be  made 
out  with  certainty  being  the  lanceolate  seg- 
ments of  the  floral  envelope,  and  these  greatly 
resemble  the  empty  and  flowering  scales  of  the 
grasses.  Though  a  botanic  affinity  with  that 
group  is  only  a  probability,  it  is  commemorated 
in  the  specific  name  chosen  for  this  form. 

Ordhiarilv  it  would  not  be  worth  while  to 
describe  or  figure  such  poorly  preserved  mate- 
rial, but  though  it  furnishes  little  that  is  of 
botanic  interest  it  serves  to  help  round  out 
our  picture  of  the  life  along  this  early  Eocene 
coast,  and  as  definite  remains  of  grasses  are 
such  rare  fossils,  even  imperfectly  preserved 
specimens  are  not  without  value. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Temi. 
(collected  by  E.  W.  Berry). 

Collection, — U.  S.  National  Museiun. 

Antholithus  marshallensis  Berry,  n.  sp. 

Plate  CXII,  figure  1. 

Description. — Flower  campanulate  or  tubu- 
lar; it  may  be  interpreted  as  having  aborted 
or  greatly  reduced  petals  and  a  gamosepalous 
calyx,  or  more  probably  the  calyx  was  incon- 


spicuous and  is  not  visible  in  the  fossil,  and  the 
corolla  was  gamopetalous.  Peduncle  about 
6.5  millimeters  in  length,  slightly  enlarged 
distad.  The  ovary  appears  to  have  been 
inferior;  that  is,  the  flower  was  epigynous. 
The  corolla  appears  to  have  been  tubular,  the 
campanulate  appearance  on  the  left  side  of  the 
figure  being  due  to  a  broken  part  of  the  gamo- 
petalous corolla  and  not  to  an  individual  petal. 
Stamens  slender,  exserted,  five  in  number. 

This  species  is  based  on  the  single  speci- 
men well  shown  in  Plate  CXII,  figure  1.  The 
preservation  is  unfortunately  not  of  the  best, 
the  remains  being  flattened  and  the  stamens 
having  lost  their  anthers,  which  it  would  seem 
were  versatile.  With  material  as  imperfectly 
preserv'cd  as  this  specimen  any  extended  search 
among  existing  gamopetalous  flowers  for  pos- 
sible relationships  is  hardly  worth  while. 

Occurrence. — Holly  Springs  sand,  Early 
Grove,  Marshall  County,  Miss,  (collected  by 
E.  W.  Berry). 

Collection. — U.  S.  National  Museiun. 

Genus  CALYCITES  of  authors. 

CALYcrrES  DAviLLAFORMis  Berry,  n.  sp. 

Plate  CIV,  figure  7. 

Description. — This  name  is  proposed  for 
concavo-convex,  coriaceous  objects,  broadly 
eUiptical  or  orbicular  in  outline,  about  2  centi- 
meters long  and  1.7  centimeters  in  maximum 
width,  slightly  deflected  and  flanged  along  the 
sides  and  top,  the  maximiun  width  of  this 
flange  being  about  2  millimeters.  The  tip  is 
broadly  and  roundly  pointed.  The  base  is 
roimded  at  the  sides  and  truncate  across  the 
middle. 

This  form,  which  appears  to  represent  a 
sepal,  is  named  from  its  resemblance  to  the 
modified  inner  pair  of  sepals  in  the  genus  Da- 
villa  Velloso  of  the  family  Dilleniacese,  a  family 
represented  in  the  Wilcox  flora  by  several 
species  referred  to  the  form  genus  Dillenites 
Berry  and  comparable  for  the  most  part  with 
the  existing  species  of  Tetracera  Linn6. 

The  genus  Da  villa  comprises  about  25  species, 
confined  to  the  American  Tropics  and  ranging 
from  Mexico  southward,  chiefly  living  in  the 
Brazilian  region.  In  this  genus  the  inner  pair 
of  sepals  becomes  enlarged  and  forms  a  hard 
leathery  or  woody,  more  or  less  nearly  closed, 
bivalve   envelope,    surrounding  the  essential 
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organs  and  subsequently  the  fruit.  The  fossil 
fonn  in  all  of  its  characters  resembles  such  a 
sepal. 

Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Plate  CIV,  figures  4  and  5. 

Description. — Small  bract  or  other  floral  ap- 
pendage, broadly  elliptical  in  outline,  roimded 
at  both  ends,  the  proximal  somewhat  more 
narrowed  than  the  distal  end.  Length  about 
9  millimeters.  Maximum  width  about  7.5 
millimeters,  midway  between  the  apex  and  the 
base.  Substance  not  thick  but  apparently  co- 
riaceous, since  the  single  specimen  is  preserved 
in  sandy  deposits  where  most  of  the  plant 
remains  are  much  macerated.  Venation  shows 
about  16  subparallel  longitudinal  veins,  which 
converge  toward  both  ends  and  a  few  fork. 
Cross  veinlets  are  apparently  fine  and  not 
especially  mmaerous. 

This  species,  imfortunately  based  on  the 
single  specimen  figured,  may  be  compared  with 
Ostrya  TiumUis  Saporta  *  from  the  lower  Ohgo- 
cene  of  southeastern  France,  being  similar  in 
size,  outline,  and  venation,  except  that  the 
forks  of  the  veins  in  the  American  form  are  less 
numerous.  It  may  also  be  compared  with 
Ostrya  aUarUidis  Unger  as  figured  by  Ettings- 
haus^i^  from  Camiola  and  with  Ostrya  walkeri 
described  by  Heer  from  West  Greenland .  There 
is  no  trace  of  a  seed,  but  one  of  the  central 
veins  is  thickened  at  the  base,  and  the  base  is 
slightly  frayed,  which  might  indicate  that  the 
base  with  the  seed  has  been  broken  away. 
Whatever  the  botanic  affinity,  this  form  seems 
certainly  congeneric  with  Saporta's  species. 

The  genus  Ostrya  includes  about  a  dozen 
fossil  species  ranging  from  the  middle  Eocene 
to  the  present.  In  the  modem  flora  the  genus 
is  widely  distributed  in  the  Northern  Hemi- 
sphere, ranging  northward  to  Nova  Scotia  and 
southward  to  the  highlands  of  southern  Mexico 
and  Guatemala  in  North  America,  and  through 
southern  Europe  and  southwestern  Asia  and  in 

>  Saporta,  Q.  de,  iSstudes  sur  la  v^^tation  du  sud-est  de  la  France  k 
I'^poque  tertiaire,  vol.  1,  p.  83,  pi.  6,  fig.  5, 1863;  vol.  3,  suppl.  1,  p.  33,  pi. 
S,  fig.  8, 1867;  Dernltees  adjonctions  k  la  flore  fossfle  d'Aix-en-Provence, 
pt.  2,  p.  12,  pi.  1,  flg.  11, 1889. 

s£ttingshausen  C.  von,  Die  fossile  Flora  von  Sagor  in  Krain,  pt.  1, 
p.  177,  pi.  4,  figs.  13, 14, 1871. 


northern  Japan  in  the  Old  World.  The  saclike 
hracts  of  our  two  American  species  are  larger 
than  the  fossil  and  have  fewer  longitudinal 
veins  and  more  numerous  and  stouter  transverse 
veinlets. 

Occurrence. — Beds  of  Wilcox  age,  Calaveras 
Creek,  Wilson  Coimty,  Tex.  (collected  by  Alex- 
ander Deussen). 

Collection. — ^U.  S.  National  Museum. 

Genus  CARPOLTTHUS  Allioni. 
Carpolithus  PURYBAREN8I8  Berry,  n.  sp. 

Plate  CIV,  figure  8. 

Description. — Ovate-lanceolate  compressed 
bilocular  capsule-Uke  form,  about  1.5  centi- 
meters in  length  by  8  millimeters  in  maximum 
width,  in  the  median  region.  A  longitudinal 
median  sinus  marks  the  central  pedimcular  col- 
umn. Surface  somewhat  corrugated  and  tex- 
ture apparently  coriaceous. 

Occurrence. — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn, 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museiun. 

Carpolithus  prangosoides  Berry,  n.  sp. 

Plate  CIV,  figure  9. 

Description. — Fruit  laterally  compressed, 
elliptical  in  outline.  Carpels  two,  separated 
by  a  deep  median  commissure,  oblong  in  out- 
line, terete,  bluntly  pointed  at  both  ends,  each 
with  a  large  dorsal  wing.  Length  of  fruit 
about  2 .5  centimeters.  Maximum  width,  about 
midway  between  the  apex  and  the  base,  about 
1.4  centimeters.  The  individual  carpels  are 
2.1  centimeters  in  length  and  about  3.25  milli- 
meters in  diameter.  Pericarp  thickened,  the 
surface  being  marked  with  fine  longitudinal 
corrugations. 

This  species  is  described  with  the  assumption 
that  it  represents  the  fruit  of  some  Wilcox 
species  of  UmbelliferaB,  although  the  fruits  of 
that  family  as  a  rule  have  more  than  two  ribs 
or  wings  developed  by  the  pericarp. 

I  have  not  foimd  any  recent  Umbelliferse 
that  resemble  it  closely,  and  it  is  named  from 
its  rather  remote  resemblance  to  the  fruits  of 
the  oriental  genus  Prangos  of  Lindley. 

I  know  of  no  closely  comparable  fossil  forms, 
although  I  have  not  searched  the  literature 
exhaustively. 
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Occurrence, — ^Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum 

Carpolithus  henryensis  Berry,  n.  sp. 

Plate  CXII,  figure  16. 

Description. — Small  costate  fruit,  elliptical 
in  outline  and  nearly  cylindrical  or  slightly 
compressed  in  cross  section,  bearing  five  or  six 
longitudinal  costse  separated  by  narrow  sulci. 
Length  about  1.5  centimeters.  Maximimi 
width  about  7.5  millimeters.  Ends  equally 
roimded.     Texture  ligneous. 

A  rare  fruit  of  unknown  affinity  somewhat 
resembling  several  of  the  fruits  from  the  Bran- 
don lignites  that  have  been  referred  to  Aristolo- 
chites,  as  for  example  Aristolochites  sulcatus 
Perkins  *  and  Aristolochites  conoideus  Perkins.^ 

Occurrence. — Lagrange  formation  (in  beds 
of  Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Carpolithus   qrenadensis    Berry,    n.  sp. 

Plate  CXII,  figure  15. 

Description. — Small  fruit,  circular  in  outline, 
much  compressed,  3  millhneters  in  diameter, 
borne  on  a  straight,  stout,  inequilaterally 
placed  pedimcle  about  3.75  millimeters  long. 

This  smaU  form,  represented  by  a  single 
specimen,  is  of  unknown  botanic  affinity. 

Occurrence. — Grenada   formation,    Grenada, 

Grenada  County,  Miss,   (collected  by  E.   W. 
Berry). 

Collection. — U.  S.  National  Museum. 
Carpolithus  tennesseensis  Berry,  n.  sp. 

Plate  CXII,  figure  17. 

Description. — Species  apparently  represent- 
ing a  berry-like  or  drupaceous  fruit  with  a 
wrinkled  coriaceous  pericarp.  Outline  nearly 
circular,  apparently  somewhat  compressed  in 
cross  section.  Length  12.6  millimeters.  Maxi- 
mum width  11  millimeters  in  the  equatorial 
region.  Fruit  is  decurrent  to  a  stout  peduncle 
about  7.5  millimeters  in  length. 

This  form  is  represented  by  the  single  speci- 
men figured  and  is  of  unknown  botanic  affinity. 

1  Perkins,  G.  H.,  Vermont  State  Geologist  Rept.  for  1903-4,  p.  204,  pi. 
81,  flgs.  15fi,  157, 1904. 
s  Idem,  fig.  154. 


Occurrence. — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

Carpolithus  sophorites  Berry,  n.  sp. 

Plate  CXII,  figure  7, 

Description. — ^Large  seed,  unsymmetrically 
ovate,  compressed,  distinctly  keeled  or  mar- 
gined. Length  about  14.5  millimeters.  Width 
in  the  median  region  about  8.25  millimeters. 
More  obtuse  distad.  Margin  slightly  angular 
near  the  hilum  and  also  forms  an  inner  pos- 
terior angle,  elsewhere  curved,  fuller  on  the 
outside  and  bears  a  sharp  sinus  partly  due  to 
compression  on  the  inside  above  the  hilum. 
Seed  much  compressed  and  original  thickness 
can  not  be  determined.     Surface  smooth. 

This  large  form  evidently  belongs  to  one  of 
the  Wilcox  species  of  Papilionaceae  and  suggests 
the  genus  Sophora,  which  is  so  well  represented 
by  leaves  in  the  Wilcox  deposits. 

Bowerbank*  described  many  species  of  a 
genus  which  he  named  Faboidea  from  the 
Isle  of  Sheppey  (Ypresian),  all  of  which,  how- 
ever, present  certain  morphologic  features, 
such  as  their  thick  testa,  pimctate  surface,  and 
funiculus  lunbilicalis,  which  are  absent  in  the 
form  here  discussed,  which  is  therefore  referred 
to  the  indefinite  genus  Carpohthus. 

Occurrence. — Grenada  formation,  Grenada, 
Grenada  County,  Miss,  (collected  by  E.  N. 
Lowe  and  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Carpolithus  pilocarpoides  Berry,  n.  sp. 

Plate  CXII,  figure  11. 

Description. — Large  ligneous  asymmetric 
compressed  seeds  or  fruits,  about  1  centimeter 
in  length,  5.5  miUimeters  in  width,  and  2  to 
3  millimeters  in  thickness.  Proximal  margin 
straight  or  incurved.  Distal  margin  full  and 
rounded,  as  are  both  ends.  Margins  show  a 
well-marked  keel. 

This  is  a  well-marked  form  of  possible  strati- 
graphic  importance,  since  it  is  readily  recog- 
nizable. It  comes  from  the  top  of  the  Wilcox 
and  is  represented  in  the  collections  by  sereral 
specimens.  Its  botanic  affinity  is  tmeflrtiilli 
although  it  su^ests  the  fruits  of  t 

>  Bowerbank,  J.  S.,  History  of  the  fossil  fruits  and 
clay,  pp.  98-123,  pi.  14-16, 1840. 
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Protium  (Burseraceee)  and  those  of  Pilocarpus 
of  the  Rutacese,  the  similarity  to  Pilocarpus 
being  commemorated  in  the  specific  name. 

Occurrence, — Grenada  formation,  Grenada, 
Grenada  Comity,  Miss,  (collected  by  E.  N.  Lowe 
and  E.  W.  Berry). 

Collection, — ^U.  S.  National  Museiun. 

Carpolithxjs  proteoides  Berry,  n.  sp. 

Plate  CXII,  figure  2. 

Description, — A  slightly  asymmetric  winged 
seed,  narrowly  ovate  in  outline,  about  •  8.5 
millimeters  in  length  and  2.5  millimeters  in 
maximiun  width  near  the  base,  tapering  up- 
ward to  a  falcate  acuminate  tip,  rounded  and 
slightly  asynmaetric  at  the  base.  Nucellus 
small,  compressed.    Wing  longitudinally  veined. 

This  characteristic  winged  seed  is  in  my 
judgment  positively  referable  to  the  Proteacese 
and  might  well  represent  the  fruit  of  Banksia 
tenuifolia  Berry,  which  is  so  common  at  this 
locality.  It  may  be  almost  exactly  matched 
by  seeds  of  different  existing  species  of  Banksia, 
Hakea,  and  similar  genera  of  the  Australian 
region,  commonly  represented  in  the  Oligocene 
floras  of  Europe. 

Occurrence, — Lagrange  formation  (in  beds 
of  Wilcox  age) ,  Puryear ,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — U.  S.  National  Museum. 

CAKPOLrrHTJS  HYosERrriFORMis  Berry,  n.  sp. 

Plate  CXII,  fiq:ure  4. 

Description. — ^A  small,  slightly  asymmetric 
fusifonn  seed  or  achene-like  fruit,  about  8 
millimeters  in  length  and  1.75  milhmeters  in 
maximum  diameter  about  midway  between 
the  apex  and  the  base,  acuminate  proximad, 
contracting  above  the  middle  and  expanding 
distad  in  a  crown  of  short,  diverging*  simple 
awns  or  bristles  about  ten  in  number  and  about 
2  millimeters  in  length.     Surface  costate. 

This  characteristic  form,  represented  by  two 
specimens,  is  almost  certainly  an  achene  of 
some  Wilcox  species  of •  Compositse,  but  rather 
than  give  it  a  generic  name  implying  a  knowl- 
edge of  its  botanic  affinity  beyond  what  the 
facts  -warrant  I  prefer  to  retain  it  in  the  indefi- 
nite genus  Carpohthus,  commemorating  in  its 
specific  name  its  great  resemblance  to  the 
genus  Hyoserites  of  Ettingshausen,  a  genus  of 
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Compositae  not  uncommon  in  the  European 
Tertiary.* 

Occurrence, — ^Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection, — ^U.  S.  National  Museum. 

Carpolithus  dictyolomoides  Berry,  n.  sp. 

Plate  CXI,  figures  2  and  3. 

Description, — ^A  small  winged  seed  or  fruit, 
which  has  an  elliptical,  laterally  compressed 
nucellus  about  2.5  millimeters  long  by  1.5  milli- 
meters wide,  truncate  on  its  proximal  side,  and 
a  scarious,  minutely  reticulate  veined,  mar- 
ginal keel  or  wing  1  to  2  millimeters  wide. 
This  wing  was  of  considerable  consistency  as 
shown  by  its  vascular  skeleton;  it  is  full  and 
rounded,  except  at  the  upper  end,  where  it  is 
somewhat  extended  and  acuminate.  Length 
of  the  whole  fruit,  including  the  wing,  about 
7  millimeters.  The  hibim  is  centrally  located 
on  the  truncated  portion  of  the  unwinged 
proximal  margin. 

This  characteristic  winged  fruit  is  compar- 
able with  those  of  a  number  of  existing  genera, 
especially  in  the  famihes  Malpighiacese,  Ru- 
tacesB,  and  Bignoniacese.  Among  the  forms 
with  which  comparisons  are  especially  sug- 
gestive are  the  species  of  StigmatophyDon 
Jussieu,  a  genus  of  Malpighiacese  that  com- 
prises about  45  existing  species,  ranging  from 
the  Bahamas  to  Uruguay,  in  which,  however, 
the  venation  of  the  wings  is  not  markedly  re- 
ticulate, and  the  genus  Dictyoloma  De  Can- 
doUe,  consisting  of  two  species  of  trees  of 
Brazil  and  Peru.  It  is  the  resemblance  of  the 
fossil  to  Dictyoloma  that  has  suggested  the 
specific  name. 

Occurrence. — ^Lagrange  formation  (in  beds 
of  Wilcox  age) ,  Puryear,  Henry  County,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — U.  S.  National  Museum. 

Phyllites  sp. 

Plate  CIV,  figure  2. 

Description. — A  characteristic  fragment  of  a 
large  leaf  of  unknown  botanic  affinity. 

Occurrence, — Lagrange  formation  (in  beds  of 
Wilcox  age),  Puryear,  Henry  Coimty,  Tenn. 
(collected  by  E.  W.  Berry). 

Collection. — ^U.  S.  National  Museum. 

" '  '"■  .  '      ^■~~— ^^ 

I  Ettingshausen,  C.  von,  Die fossile  Flora des  Terti&T'Beckens  von  BiUn, 
pt.  2,  p.  18, 1868. 
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PLATE  IX. 

Plge. 

Figure  1.  Csmomyces  cassix  Beny  on  Cassia  emarginata  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age) 

li  miles  west  of  Grand  Junction,  Tenn 163 

Figures  2,  3.  Csenomyces  pestalozzites  Berry  on  Sahalitea  grayanvs  Leequereux  from  Holly  Springs  sand  at 

Oxford,  Miss 162 

Figures  4,  5.  Lycopodites  (t)  eoHgniiicus  Berry  from  Holly  Springs  sand  at  Early  Grove,  Miss 163 

Figure  6.  Pteris  pseudopinmeformis  Lesquereux  from  Wilcox  group  at  Vineyard  Bluff,  La 168 

FiGURK  7.  Aneimia  eocenica  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 164 
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Page. 

FiGUBB  1.  Asplenium  hurleyengU  Berry  from  Ackerman  formation  at  Hurleys,  Miss 168 

Figure  2.  Aneimia  eocenica  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 164 

Figures  3-8.  Lygodium  binervatum  (Lesquereux)  Berry  from  Ackerman  formation  at  Hurleys,  Miss 165 

3-5.  Fragments  of  sterile  pinnules. 

6,  7.  Fertile  pinnules. 

8.  Single  spike,  X  2. 
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PLATE  XI. 

Page. 
FiouRES  1,  2.  Andmia  eoceniea  Beny  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 164 

2.  Venation  of  pinnule,  X  3. 

Figure  3.  Asplenium  eolignitica  Berry  from  Ackerman  formation,  Kemper  County,  Miss 167 

Figures  4-7.  Meniphylloides  ettingshauseni  Berry  from  Grenada  formation,  Grenada,  Miss 166 

4,  5.  From  photographs  of  two  fragmentary  specimens. 

6.  Restoration,  natural  size. 

7.  Enlargement,  to  show  character  of  the  margin  and  venation,  X  4. 
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Page. 

FiouBES  1-3.  Sabalites  grayanus  Leequereux 177 

1,  2.  Lesquereux's  types  from  the  Holly  Springs  sand  at  Oxford,  Mise. 
3.  Wilcox  group  at  Benton,  Ark.  ♦ 

Figure  4.  Chamaedorea  danai  (Lesquereux)  Berry  from  Ackerman  formation  at  Colemans  Mill,  Choctaw  County, 

Miss 179 
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PLATE  XIII. 

Figures  1-3.  Chamaedorea  danai  (Lesquereux)  Berry  from  Ackerman  formation  at  folemans  Mill,   Choctaw 

County,  Miss, 179 

3.  Venation  of  a  ray  with  a  single  secondary  on  each  side  of  the  midrib,  X  4. 
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Fags. 
FiovBEW  1-3.  Chamatdorea  danai  (Lesquereux)  Berry  from  Ackerman  formation  at  Colemana  Mill,   Choctaw 

County,  Miss, 179 

3.  Venation  of  a  ray  with  a  single  secondary  on  each  side  of  the  midrib,  X  4. 
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Page. 
8abaliu$  grmfonus  Lesquereux,  fragment  of  an  especially  laige  leaf  from  Holly  Spiinga  sand  in  the  ravine  at 
Oxford,  Mifls 177 
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Page. 
Figures  1,  2.  Arthrotaxis  (f)  eolignilica  Berry,  cone  scales  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at 

Puryear,  Tenn 173 

Figure  3.  Glyptastrobtu  europxus  (Brongniart)  Heer,  fragments  of  twigs  from  Holly  Springs  sand  in  the  ravine 

at  Oxford,  Miss 169 

Figures  4-6.  Taxodium  dubium  (Sternberg)  Heer  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Pinson, 

Tenn 171 

Figures  7,  8.  Canna  eocenica  Berry  from  Holly  Springs  sand  at  Oxford,  Miss 181 

Figure  9.  Taxodium  8p.,.seed  from  Lagrange  formation  (in  beds  of  Wilcox  age)  1|  miles  west  of  Grand  Junction, 

Tenn / 173 
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PLATE  XVI. 

Figures  1-5.  Cupressinoxylon  colli  Enowlton  from  point  5}  miles  north  of  Gainesville,  Ark 174 

1.  Transverse  section  showing  a  medullary  ray. 

2.  Same,  passing  through  a  growth  ring. 

3.  Radial  section  showing  bordered  pits. 

4.  Same,  showing  pits  on  medullary  rays. 

5.  Radial  section  showing  chain  of  resin  cells. 

FiouRES  6-10.  Laurinoxylon  hranneri  Knowlton  from  vicinity  of  Harrisburg,  Ark 314 

6.  Tangential  section  showing  large  reticulate-thickened  duct  and  rays  in  two  series. 

7.  Transverse  section  showing  arrangement  of  ducts  and  rays. 

8.  Radial  section  showing  ducts  and  large  medullary  rays,  wood  cells  not  well  preserved. 

9.  Tangential  section  showing  reticulate  thickening  of  tangential  walls  of  ducts. 

10.  Radial  section  showing  pitting  on  radial  walls  of  ducts. 
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PLATE  XVII. 

Figure  1.  Engelhardtia  {Oreomunnea)  missitnppiensU  Berry  from  Holly  Spnngs  sand  at  Early  Grove,  Miss 183 

FiouBES  2-5.  Paraengelhardtia  eoceniea  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age),  Puiyear,  Tenn  . .     186 
FiouBES  6,  7.  Engelhardtia  puryearenM  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age),  Puryear,  Tenn . .     185 
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Page. 

Figure  1.  Myrica  wilcoxermB  Berry  from  Grenada  formation  at  Grenada,  MIbb 188 

FiouBE  2.  Myrica  elxanoides  Lesquereux  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Boaz,  Ky 188 

Figures  3-5.  Juglans  scfdmperi  Leequereux  from  Wilcox  group  at  Couflhatta,  La.  (after  Hollick) 182 
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PLATE  XIX. 

Figures  1-3,  5.  Engelhan&ia  eUingsfunueni  Berry  from  Holly  Springs  sand  at  Holly  Springs,  Miss 185 

Figure  4.  Juglaru  Khimperi  Lesquereux,  a  small  leaflet  from  the  Lagninge  formation  (in  beds  of  Wilcox  age)  at 

WickUffe,  Ky 182 

Figure  6.  Dryophyllum  tennesseenns  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puiyear,  Tenn.  191 
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Figures  1-3.  Dryophyllum  tennesseensis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear, 

Tenn 191 
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PLATE  XXI. 

FiouBBS  1,  4,  5.  DryophyUum  tenneneensia  Berry,  showing  variations  in  size  and  character  of  petiole 191 

Figures  2,  3.  DryophyUum  puryearenns  Beny 192 

All  the  specimens  are  from  the  Lagrange  formation  (in  heds  of  Wilcox  age)  at  Puiyear,  Tenn. 
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Figure  1.  Restoration  of  Dryophyllum  moorii  (Lesquereux)  Berry 190 

FiouKE  2.  Dryophyllum  tennesseerms  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn.; 

an  abnormally  constricted  leaf 191 
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FiGURiss  1*3.  Dryophyllum  moarii  (Lesquereux)  Berry  from  Ackerman  formation  at  Hurleys,  MIsb 190 
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Artocarjnu  pungeru  (Lesquereux)  Knowlton  from  Wilcox  group  at  CouBhatta,  La 195 
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Page. 

Figure  1.  Ficiia sp.  from  Holly  Springssand  at  Holly  Springs,  Mias 206 

Figures  2, 3.  Dryophyllum  anomalum  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Poryear,  Tenn  . .    189. 
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Figures  1,  4,  5.  DryophyUum  tennesseeJigU  Berry,  showing  variations  in  size  and  character  of  petiole 191 

FiouRBS  2,  3.  DryophyUum  pwryearenna  Berry 192 

All  the  specimens  are  from  the  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. 
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Ariocarpus  lesngtarui  (Lesquereux)  Knowlton  from  Wilcox  group  at  Shreveport,  La 194 
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PLATE  XXVII. 

FiauHS  1.  Artoearpiu  pungeru  (Lesquereux)  Knowlton  from  Wilcox  group  at  Benton,  Ark 195 

Figure  2.  Fieus  pseudolmedia/olia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 205 

Figure  3.  Pseiulolmedia  eocenica  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 196 

Figures  4,5.  Fieus  puryearensis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 205 

Figure  6.  Fieus  wilcoicensis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 202 
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Figure  1.  Fieus  ptettdocuapidata  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 197 

Figure  2.  Paeudolmedia  eocenica^  a  small  leaf  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn . .  196 

Figure  3.  Fieva  ocddentdlia  Leequereux  from  Ackerman  formation  at  Hurleys,  Miss 197 

Figure  4.  Ficus  pwryearemia  elongata  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn . .  206 

Figure  5.  Fiau  puryeareruia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn .......  205 
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Figure  1.  ArtoearpuB  pungenM  (Lesquereux)  Knowlton  from  Wilcox  group  at  Benton,  Ark 195 

FiousE  2.  Artocarpu8  dubia  Hollick  from  Wilcox  group  at  Coushatta,  La 196 

Figure  3.  Cinnamomum  obovatU8  Berry  from  Holly  Springs  sand  at  Holly  Springs,  Miss 296 
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FiouBBS  1-3.  Fieus  myrttfoliiLs  Berry  from  Holly  Springs  sand 205 

1,  3.  Holly  Springs,  Miss. 

2.  Early  Grove,  Miss. 

FiouBBS  4,  5.  Ficus  puryearemis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 205 
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Figures  1-3.  Ficus  schimperi  Leequereux  from  Ackerman  formation  at  Hurleys,  MisB 204 

Figure  4.  Ficus  eolignitioa  Berry  from  Wilcox  group  at  Hardys  Mill,  Greene  County,  Ark 203 
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Figure  1.  Ficus  vaughani  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 203 

FiGUBB  2.  Ficus  monodon  (Lesquereux)  Berry  from  Ackerman  formation  at  Hurleys,  Miss.;  a  photograph  of 

Lesquereux's  type 201 
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PLATE  XXXIII. 

FiouBB  1.  Ficuu  vaughani  Berry  from  Wilcox  group  at  Hardys  Mill,  Greene  County,  Ark 203 

Figure  2.  Ficus  monodon  (Lesquereux)  Berry,  restoration 201 
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FiouHE  1.  Ficus  harrisiana  HoUick  from  Wilcox  group  at  Vineyard  Bluff,  La 201 

Figure  2.  Ficus  artocarpoides  Lesquereux  from  Wilcox  group  at  Couahatta,  La 200 

Figure  3.  Fictu  planicostata  maxima  Berry  from  WUcox  group  at  Shreveport,  La 199 
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Figures  1-3.  Knightiophyllum  vnlcoxianum  Beny 208 

3.  Restoration  of  specimens  shown  in  figures  1  and  2,  natural  size. 
Figures  4-6.  Proteoides  vnlcoxenns  Berry 207 

All  the  specimens  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. 
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Figures  1-3.  Bariksia  Unuifolia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 210 

Figure  4.  Banksia  puryearemis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age),  Puryear,  Tenn 211 

Figures  5,  6.  ^anl^  ^a/brtK  (Lesquereux)  Berry 208 

5.  Lagrange  formation  (in  beds  of  Wilcox  age),  1}  miles  west  of  Grand  Junction,  Tenn. 

6.  Enlaigement  to  show  details  of  venation,  X  4. 
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PLATE  XXXVII. 

FiouBB  1.  Puonia  chlorophylloides  Berry  from  Ackennan  formation  at  Hurleys,  Miss 214 

Figure  2.  Oinnamomum  missmippiensis  Lesquereux  from  Ackerman  formation  at  Hurleys,  Miss 298 

FiouBBS  ^-6,  Ficua  pseudopopulus  Lesquereux 200 

3,  4.  Lagrange  formation  (in  beds  of  Wilcox  age)  near  Shandy,  Tenn. 

5.  Complete  leaf,  restored  from  numerous  fragments. 
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FiouBE  1.  Pa2a?od(m<ftxm  ommoinum  Beny  from  Holly  Springer  Band,  Oxford,  Mifls 207 

FiouBE  2.  Dodonsea  wilcoxiana  Berry  from  Holly  Springs  sand  at  Holly  Springs,  Miss 270 

Figure  3.  Aristohchia  wilcoxiana  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age),  1}  miles  west  of 

Grand  Junction,  Tenn 211 

Figure  4.  Coccolohis  eolignitica  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 212 

Figures  5,  6.  Pisonia  eolignitica  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 213 

Figure  7.  Pisonia  puryearerms  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 214 
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Anona  ampla  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 217 
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Anonia  ampla  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 217 
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Figures  1,  2.  Anona  wilcoxiana  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 216 

FiGURK  3.  Anona  ampla  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Purj'ear,  Tenn 217 
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PagOb 
Figure  1.  Pisonia  chlorophylloidea  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. . .  214 
Figures  2-4.  Anona  eolignitica  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 217 
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Pige. 
FiouBES  1,2.  Magnolia  leei  Knowlton  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 215 
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Figures  1-3.  Capparis  eocenlca  Berry 218 

1,  2.  Holly  Springs  sand  at  Holly  Springs,  Miss. 
3.  Holly  Springs  sand  at  Early  Grove,  Miss. 

Figures  4,  5.  Chrysobalanus  eocenica  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn.  220 

Figures  6,  7.  ChrysohalanuB  icaco  Linn^,  living  West  Indian  species,  introduced  for  comparison 220 

Figures  8-10.  Chrysohalanua  inseqtuilis  (Lesquereux)  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at 

Puryear,  Tenn , 220 

Figure  11.  Chrysobalanus  ohUmgifolius  Michaux,  living  Florida  form,  introduced  for  comparison 221 
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Figure  1.  Inga  misgiasippienais  Berry  from  Holly  Springs  sand  at  Early  Grove,  Miss 222 

Figure  2.  Pithecolobium  eocenicum  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn..  225 

Figure  3.  Pithecolobium  oxfordtrms  Berry  from  Holly  Springs  sand  at  Oxford,  Miss 225 

Figure  4.  Pithecolobium  ungui8-cati  (Linn6)  Bentham,  living  form  from  Florida,  introduced  for  comparison 225 

Figure  5.  Pithecolobium  dulce  Bentham,  living  form  from  the  West  Indies,  introduced  for  comparison 225 

Figures  6-11.  Mimosites  variabilis  Berry 227 

6-9.  Lagrange  formation  (in  beds  of  Wilcox  age),  1}  miles  west  of  Grand  Junction,  Tenn. 

10.  Lagrange  formation  (in  beds  of  Wilcox  age)  at  WickUffe,  Ky. 

11.  Holly  Springs  sand  at  Early  Grove,  Miss. 

Figure  12.  Mimosit^s  insequilateralis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  1}  miles  west  of 

Grand  Junction,  Tenn 228 

Figure  13.  Mimoaites  lanceolatus  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  1}  miles  west  of  Grand 

Junction,  Tenn 226 

Figure  14.  Mimontes  acaciafoliu^s  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 226 

Figures  15,  16,  17a,  18.  Cassia  gUnni  Berry  from  Lagrange  formation  (In  beds  of  Wilcox  age)  1}  miles  west  of 

Grand  Junction,  Tenn 233 

Figure  17b.  Cassia  emarginata  Berry,  infested  with  Camomyces  annulata  Berry  from  Lagrange  formation  (in 

beds  of  Wilcox  age)  1^  miles  west  of  Grand  Junction,  Tenn 233 
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Figures  1,  2.  Anana  wilcoxiana  Berry  from  Lagrange  fonnation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 216 

Figure  3.  Anona  ampla  Berry  from  I^agrange  formation  (in  beds  of  Wilcox  age)  at  Pur>'ear,  Tenn 217 
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FiouBE  1.  Pisonia  chlorophylloides  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. . .  214 
FiouBES  2-4.  Anona  eolignitica  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 217 
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Figures  1,  2.  MagTiolia  leei  Knowlton  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 215 
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FiQURX  1.  Cercis  wilcoxiana  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  1  mile  south  of  Grand 

Junction,  Tenn 228 

Figure  2.  Cerda  canaderuns  Linn6,  living  form  from  Maryland,  introduced  for  comparison 228 

Figures  3,  4.  Cdssia  tennesseemis  Berry 228 

3.  Holly  Springs  sand,  Early  Grove,  Miss. 

4.  Lagrange  formation  (in  beds  of  Wilcox  age)  1}  miles  west  of  Grand  Jimction,  Tenn. 

FiGiTRES  5-8.  Cassia  fayettermB  Berry ^ 232 

5.  I^agrange  formation  (in  beds  of  Wilcox  age)  1^  miles  west  of  Grand  Junction,  Tenn. 

6.  7.  Wilcox  group  at  Benton,  Ark. 

8.  Holly  Springs  sand  at  Holly  Springs,  Miss. 
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FiouBE  1.  Cassia  bentonensis  Berry  rom  Wilcox  group  at  Benton  Ark 229 

Figures  2-^.  Cassia  wilcoxkma  Berry  from  Holly  Springs  sand  at  Holly  Springs,  Miss : 230 

Figures  6,  7.  Cassia  marshallensis  Berry 232 

6.  Holly  Springs  sand,  Early  Grove,  Miss. 

7.  Lagrange  formation  (in  beds  of  Wilcox  age)  1}  miles  west  of  Grand  Junction,  Tenn. 

Figure  8.  Inga  ivickliffensis  Berry,  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Wickliffe,  Ky 224 

Figures  9-12.  Cxsalpinia   vnlcoxiana   Berry 236 

9, 10.  Holly  Springs  sand  at  Early  Grove,  Miss. 

11.  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Pinson,  Tenn. 

12.  Leaf  shown  in  figure  10  enlarged  2  diameters  to  show  venation. 

Figure  13.  CsRsalpinites  pinsonensis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Pinson,  Tenn . .  236 

Figure  14.  Caesalpinites  hentonensis  Berry  from  Wilcox  group  at  Benton,  Ark 237 

Figure  15.  Csesalpinites  {Parkinsoniaf)  aculeatafolia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at 

Puryear,  Tenn 237 

Figure  16.  Cassalpinites  mississippiensis  Berry  from  Holly  Springs  sand,  HoUy  Springs,  Miss 237 
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FiQURE  1.  Gleditgiophylhtm  ovatum  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 239 

FiQUBES  2,  3.  Gleditsiophyllum  ellipticum  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear, 

Tenn 239 

Figure  4.  (?2e(2i2»6pAy/2uin  (xm^^ric^m  Berry  from  Lagrange  formation  (in  beds  of  Wi^  239 

FiQUBES  5,  6.  GUditnophyllum  minor  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puiyear,  Tenn . .  240 

6.  Specimen  shown  in  figure  5  enlarged  X  3. 

FiouRB  7.  GkdUmopkyllum/ructuosum  Berry  from  Holly  Springs  sand,  Holly  Springs,  Miss 240 

Figure  8.  Leguminontes  wickliffensia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Wickliffe,  Ky 250 

Figure  9.  GledUaiophyllum  hilgardianum  Berry  from  Ackezman  formation  at  Hurleys,  Miss 240 

Figures  10,  H.  Casaia  missignppiensU  Berry 235 

-  -      '       10.  Lagrange  formation  (in  beds  of  Wilcox  age)  1}  miles  west  of  Grand  Junction,  Tenn. 

II.  Grenada  formation,  Grenada,  Miss. 

Figure  12.  Inga  puryearenais  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 223 

Figures  13, 14.  Cania  puxyearensis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. .  230 
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Figure  1.  Sophora  palxolobifolia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  1}  miles  west  of  Grand 

Junction,  Tenn 243 

Figure  2.  Sophora  henryerms  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 243 

Figure  3.  Sophora  puryearensis  Beny  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Pnryear,  Tenn 242 

Figure  4.  Sophora  mueroTiata  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 244 

Figure  5.  Capparis  eocenica  Beny  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 218 

Figure  6.  Cassia  glenni  Berry  from  Holly  Springs  sand  at  Early  Grove,  Miss 233 

Figures  7-9.  Cassia  lowii  Berry  from  Grenada  formation  at  Grenada,  Miss 234 
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Figures  1,  2.  Dalbergia  eocenica  Berry 245 

FiQUREs  3-6.  Canavalia  eocenica  Berry 248 

3,  4.  Showing  elliptical  leaflets. 

5.  Orbicular  leaflet. 

6.  Complete  leaf;  dotted  terminal  leaflet  sketched  at  time  of  collection  and  broken  during 

shipment. 

Figure  7.  Dalbergia  vnlcoxiaTui  Berry 246 

All  specimens  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. 
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FiouBEs  1,  2.  Dalhergia  tnlcoxiana  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn  . .  246 

2.  Enlarged  to  show  venation,  X  4. 

Figure  3.  Dalhergia  numospemwides  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn  .  246 

FiouBE  4.  Dalhergia  tennesseenais  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 246 

Figure  5.  Gleditsiophyllum  entadaformis  Berry  from  Holly  Springs  sand  at  Holly  Springs,  Miss 241 

Figure  6.  Vantanea  wiUxmana  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 255 

Figure  7.  Simaruba  eocenica  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 252 

Figure  8.  Fagara  puryearerms  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 251 

Figure  9.  Fagara  hurUyensis  Berry  from  Ackerman  formation  at  Hurleys,  Miss 252 

Figure  10.  Dalhergites  elliptici/olius  Berry  from  Grenada  formation  at  Grenada,  Miss 247 

Figure  11.  Dalhergites  ovatus  Berry  from  Grenada  formation  at  Grenada,  Miss 247 
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FiouBEB  1,  2.  Aoaeui  wiicoxensis  Berry  from  Holly  Springs  sand  at  Oxford,  Miss 222 

2.  Enlargement  to  show  venation,  X  2. 

^OURB  3.  Citrophyllum  vnleoxianum  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Furyear,  Teiin . .  252 

FiQURB  4.  Carapa  eolignitica  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Pnryear,  Tenn 253 

Figure  5.  Cedrela  mississippiensia  Berry  from  Holly  Springs  sand  at  Early  Grove,  Miss 254 

Figure  6.  Fagara  eocenica  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 251 
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Figure  1.  Cedrela  vnlcoxiana  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 253 

Figure  2.  Cedrela  pun/earensis  Berry,  showing  petiolar  gall,  from  Lagrange  formation  (in  beds  of  Wilcox  age) 

at  Puryear,  Tenn 254 

Figures  3,  4.  Banisteria  repandifolia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn.  256 
Figure  5.  Banisteria  wilcoxiana  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  1}  miles  west  of  Grand 

Junction,  Tenn 257 

Figures  6,7.  Banisteria  pseudolauri/olia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn.  255 

Figures  8,  9.  Banisteria  fructuosa  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. . .  257 

9.  Specimen  shown  in  figure  8  enlarged,  X  3. 
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FiauBB  1.  Eupkorbiophyllum  fayeitensis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  1}  miles  west 

of  Grand  Junction,  Tenn 259 

Figures  2,  3.  Metopium  wikorianum  Berry 260 

2.  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. 

3.  Grenada  formation  at  Grenada,  Miss. 

Figure  4.  AnacardiUs  minor  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 262 

Figure  5.  Anacarditea  grevUka/olia  Berry  from  Grenada  formation  at  Grenada,  Miss 262 

Figure  6.  Anacardites  jmryearensis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn..  261 

Figure  7.  Cedrela  odoratifolia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 255 

Figure  8.  Hirata  milcoxiana  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 257 
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Figure  1.  CrotonophyUum  appendiculatuni  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Pnryear, 

Tenn 259 

Figure  2.  CrotonophyUum  eocenieum  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. .  258 

Figure  3.  Drypetes  prelateriflora  Berry  from  Holly  Springs  sand  at  Holly  Springs,  Miss 258 

Figure  4.  Drypetes  prekeyenaia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 258 

Figure  5.  Anacardites  grevilleafolia  Berry  from  Li^grange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn  . .  262 

Figure  6.  Anacardites  marshallenns  Berry  from  Holly  Springs  sand  at  Holly  Springs,  Miss 261 

Figure  7.  Anacardites  Tnetopifolia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. . .  262 
Figure  8.  Anacardites  serratus  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  1)  miles  west  of  Grand 

Junction,  Tenn 263 
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Figure  1.  Heterocalyx  mtportana  Berry  from  Holly  Springs  sand  at  Early  Grove,  MIbs 260 

Figures  2-5.  Heterocalyx  ungeri  Saporta  from  lower  Oligocene  of  France,  introduced  for  comparison 260 

Figure  6.  AnacardUes  falcatM  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Teim 261 

Figure  7.  Ilex  eolignitica  Berry  from  Holly  Springs  sand  at  Holly  Springs,  MIbs 263 

Figures  8-11.  Celastrua  eolignitica  Berry 266 

8-10.  Lagrange  formation  (in  beds  of  Wilcox  age)  1)  miles  west  of  Grand  Junction,  Tenn. 

11.  Holly  Springs  sand  at  Early  Grove,  Miss. 
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Figures  1-3.  Celastnu  tawrinensia  Ward 267 

1.  Wilcox  group,  Coushatta,  La. 

2,  3.  Fort  Union  specimens  introduced  for  comparison.    After  Ward. 

Figure  4.  Carapa  eolignitica  Berry,  a  small  leaf  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Wickliffe, 

Ky 253 
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FiouBE  1.  CeUutrus  bruckmanni/oUa  Berry  from  Holly  Springs  saud  at  Holly  Springs,  Miss 265 

Figure  2.  CeUutrus  veatcki  Hollick  from  Holly  Springs  sand  at  Early  Grove,  Miss 267 

FiauRES  3-4.  Cela8tru8  minor  Berry  from  Holly  Springs  sand  at  Holly  Springs,  Miss 266 

Figure  5.  Maytenus  puryearensis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 264 

Figure  6.  Euonymiu  splendens  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  1  mile  south  of  Grand 

Junction,  Tenn 267 
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Figures  1-5.  Euonymua  splendens  Berry 267 

1,  2.  Lagrange  formation  (in  beds  of  Wilcox  age)  1  mile  south  of  Grand  Junction,  Tenn. 

3,  4.  Holly  Springs  sand,  Early  Grove,  Miss. 

5.  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. 
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Figure  1.  Sapindus  missimppiensis  Berry,  showing  terminal  and  attached  lateral  leaflet  from  Lagrange  forma- 
tion (in  beds  of  Wilcox  age)  at  Wickliffe,  Ky 274 

Figures  2-5.  Sapindus  linearifoliiLS  Berry 275 

2.  Holly  Springs  sand  at  Early  Grove,  Miss. 

3,  4.  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Wickliffe,  Ky. 
5.  Holly  Springs  sand  at  Holly  Springs,  Miss. 

Figure  6.  Sapindus  knowlUmi  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 274 
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Figure  1.  HeUrocalyx  wportana  Berry  from  Holly  Springs  sand  at  Early  Grove,  Miss 260 

Figures  2-5.  HeUrocalyx  ungeri  Saporta  from  lower  Oligocene  of  France,  introduced  for  comparison 260 

Figure  6.  Anacarditea/aloatiu  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 261 

Figure  7.  Ilex  eolignitica  Berry  from  Holly  Springs  sand  at  Holly  Springs,  Miss 263 

Figures  &-11.  Celastnu  eolignitica  Berry 266 

^10.  Lagrange  formation  (in  beds  of  Wilcox  age)  1^  miles  west  of  Grand  Junction,  Tenn. 

11.  Holly  Springs  sand  at  Early  Grove,  Miss. 
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Figures  1,  2.  Dodonxa  vtKosa  Linxi^,  fruits  of  a  West  Indian  species,  introduced  for  comparison 271 

Figure  3.  Dodonsea  knowltoni  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 271 

Figures  4,  5.  Grewiopns  tennesseentis  Berry  from  Ls^^range  formation  (In  beds  of  Wilcox  age)  1  mile  south  of 

Grand  Junction,  Tenn 285 

Figure  6.  Ilex  vomitoriafolia  Berry  from  Holly  Springs  sand  at  Early  Grove,  Miss 264 

Figure  7.  Rhamnus  puryearensis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 284 

Figures  8,  9.  Cupanites  eoligniticus  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn.  269 

Figure  10.  Sapindus  mississippierms  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Wickliffe,  Ky.  274 

Enlarged  leaflet,  showing  venation,  X  2. 
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Figures  1-3.  Cupanites  eolignitiais  Beny  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. .  269 

FiouRB  4.  Cupanites  loughridgii  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Wickliffe,  Ky 269 

Figure  5.  Sapindus  coushatta  Berry  from  Wilcox  group  at  Couahatta,  La.  (after  Hollick) 273 
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2.  Wilcox  group  near  Shreveport,  La. 

Figures  3-7.  Sapindus  formosus  Berry ^ 276 

3.  Leaflet  showing  revolute  margins  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Wick- 

Uffe,  Ky. 

4-7.  Lagrange  formation  (in  beds  of  Wilco^  age)  at  Puryear,  Tenn. 
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Figure  1.  Rhamniu  coushaUa  Berry  from  Wilcox  group  at  Coushatta,  La.  (after  Hollick) 284 

Figure  2.  DUUniies  ovatus  Berry  from  Wilcox  group  at  Couahatta,  La.  (after  Hollick) 292 

Figure  3.  Comu8  studeri  Heer  (?)  from  Wilcox  group  at  Couahatta,  La.  (after  Hollick) 331 
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Figures  5-5.  Zizyphus  meigsii  (Lesquereux)  Berry 278 
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2.  View  from  base. 
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3.  Holly  Springs  sand  at  Holly  Springs,  Miss. 
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Figures  1-3.  Nectandra  pseudocoriacea  Berry 311 

1.  Holly  Springs  sand  from  ravine  at  Oxford,  MIsb. 

2.  Holly  Springs  sand  at  Holly  Springs,  Miss. 

3.  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. 

Figures  4,  5.  Nectandra  lomi  Berry 310 

4.  Leaf  from  Holly  Springs  sand  from  ravine  at  Oxford,  Miss.,  infested  with  Csenomyces  laurinea 
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5.  Grenada  formation,  Grenada,  Miss. 

Figure  6.  Cryptocarya  eolignUioa  Hollick,  from  Wilcox  group,  Goushatta,  La.  (after  Hollick) 312 
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2.  Enlarged  tip  of  figure  1,  showing  details  of  venation,  X  2. 

Figure  3.  Myrcia  grenadensia  Berry  from  Grenada  formation  at  Grenada,  Miss 316 

Figures  4,  5.  Eugenia  grenadensis  Berry  from  Grenada  formation  at  Grenada,  Miss 319 

Figures  6,  7.  Combretum  obovalis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. . .      322 

7.  Drawing  of  tip  of  counterpart  of  specimen  shown  in  figure  6. 
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FiouBE  1.  Myrda  parvifolia  Berry  from  I^agrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 315 

Figure  2.  Myrda  worthenii  (Lesquereux)  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear, 

Tenn 315 

Figure  3.  Myrcia  vera  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 314 

Figure  4.  Myrcia  rostrata  De  Gandolle,  living  form  from  Brazil,  introduced  for  comparison 315 
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7.  Specimen  from  Holly  Springs  sand,  ravine  at  Oxford,  Miss.,  showing  Casnomyces  myrtse  Berry. 

8.  Holly  Springs  sand,  ravine  at  Oxford,  Miss. 

9.  Wilcox  group  at  Benton,  Ark. 

Figure  10.  Myrcia  worthenii  (Lesquereux)  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear, 

Tenn 315 

Figures  11, 12.  Eugenia  pwryearenna  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn . .      318 
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8.  Same,  X  4. 
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TicrBEt  i-^    '^ fmitrraxn*tjtite>  farcrr.tec  herry  irom  T^agrangt'  tamuuiciL  ^in  hed^  of  "Wiloox  JU!f».,  1^  milw  wwt  o( 

Graiuc  juiiruoL.  TenL .«. S22 

1    ImifTt^^i'jL  of  tinnpffT  iyiiirr  arnBe*  ^  icaf  of  «  ■ttTrin.  narxETAl  size. 

1    feani*     >'  4 

3.  lU^ioniUoL  of  samte.  >'  4. 

4  Same    >'  t. 

5  Sam*-  JL-  iinire  4.  hat  the  imotocTapL  iiae  hmm  retouched. 

I.  2.  aiic  4  are  T»"pT<Hiu*'^  imm  phm(K:Tapb«>  tha:  hax'«»  nox  baen  TBtouchwi, 
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PLATE  XCVII. 

Pa«e. 
Figures  1-3.  MelastomiUs  americanua  Berry  from  Lagrange  fonnatioii  (in  beds  of  Wilcox  age)  1}  miles  west  of 

Grand  Junction,  Tenn 327 

Figure  4.  Aralia  notata  Lesquereux  from  Wilcox  group  at  Hardys  Mill,  Ark 327 
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FiGCTBE  1.  Oreopanax  wdnor  Beny  from  Lftgnoge  fonnation  (in  beds  of  Wikox  age)  at  Porfear,  Tenn tXi 

FkccTBE  2.  Minuuop§  tiAeri/olia  Beirf  from  Lagimnge  fonnation  ^in  beds  of  Wilcox  j^)  at  Pmyear,  Tenn 33f 

FiGums  3.  Mimuaopt  eoUgniliea  Beny  from  Lagnnge  fonnadon  (in  beds  of  VUcox  age)  at  Poryear.  Tenn 331 

FiGUKB  4.  SidfTozylon  premaalhckodtndron  Berry,  leaf  inftwted  with  Csnomyoet  mpolx  Beny,  fiom  Holly  Sprines 

mod  in  laTine  at  Oxford,  MisB 3S 

FiGUKEa  9-7.  Xyna  wilcoziana  Berry  fiom  Lagrange  formatir»n  (in  beds  of  Wilcox  age)  at  Poryear.  Tenn 331 

FiGCTBE  8.  Ajfos  eolignUioa  Beny  from  Lagimnge  furmadon  (in  beds  of  Wilcox  age)  at  Pmyear,  Tenn 3SS 
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PLATE  CI. 

Figures  1,  2.  Diospyros  wilcoxiana  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. .  334 
Figures  3,  4.  Diospyros  brachyaepala  Alexander  Braun  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at 

Puryear,  Tenn 333 

Figure  5.  Fraxinus  wilcoxiana  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 340 

Figure  6.  Fraxintis  johnstrupi  Heer?  from  Wilcox  group  at  Coushatta,  La.  (after  Hollick) 341 

Figures  7-9.  Trapa  wilcoxensis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 326 
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Figure  1.  Bumelia  pseudoliorrida  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 336 

Figure  2.  Bumelia  pseudotenaz  Berry  from  Holly  Springs  sand  at  Early  Grove,  Miss 337 

Figure  3.  Mimusops  sieberifolia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 339 

Figures  4,  5.  Bumelia  vrilcoxiana  Berry 336 

4.  Holly  Springs  sand  at  Early  Grove,  Miss. 

5.  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. 

Figure  6.  Bumelia  amerioana  (Lesquereux)  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear, 

Tenn 337 

Figure  7.  Chrysophyllum  ficifolia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Pinson,  Tenn 335 

Figure  8.  Sideroxylon  ellipticus  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 334 
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Page. 
Figure  1.  Osmanthtu  pedatus  (Lesquereux)  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Ptuyear, 

Tenn 341 

Figure  2.  Phyllites  sp.,  from  I^agrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 353 

Figure  3.  OtmmUhu9  amerioanu8  Bentham  and  Hooker  from  living  form  from  Florida,  introduced  for  comparison 

with  figure  1 341 

Figures  4,  5.  CalycUes  ostryafarmis  Berry  from  beds  of  Wilcox  age,  Calaveras  Creek,  Wilson  County,  Tex 351 

5.  Enlargement,  X  4. 

Figure  6.  Avicennia  eocenica  Berry  from  beds  of  Wilcox  age  at  Puryear,  Tenn '. 347 

Figure  7.  CalycUes  davillaformi»  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  T^nn 350 

Figure  8.  CcarpolUhu$  puryearenaia  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. .  351 

Figure  9.  Carpolithiu  prangosoidea  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. .  351 
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Page.  I 

FiouRES  1,  2.  Guettartki  elliplicifolia  Berry  from  Lagrange  formation  (in  beds  of  ^^cox  age)  at  Puryear,  Tenn. .  348 

Figure  3.  Exostema  pieudoccaribieum  Berry  from  Holly  Springs  sand  at  Early  Grove,  Miss 349  | 

FiouBES  4,  5.  Solanites  iaportana  Berry,  X  4,  from  Holly  Springs  sand  at  Holly  Springs,  Miss 348 

5.  Restoration  of  specimen  shown  in  figure  4. 

Figure  6.  SolamUs  bwngniarti  Saporta,  natural  size,  from  the  Sannoisian  of  France  (after  Saporta) 348 

Figure  7.  Sarracha  sp.,  living  form  from  Mexico,  introduced  for  comparison  (after  Saporta) ^. .  348 

Figure  8.  Sarracha  procumhens  Hort.  (after  Saporta) 348 

Figure  9.  Witheringia  sp.,  living  form  from  Peru  (idter  Saporta) 348 

Figure  10.  CUharexylon  eoligniticum  Berry  from  Holly  Springs  sand  at  Holly  Springs,  Miss 346 

Figures  11, 12.  Cordia  eocenica  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 345 
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PLATE  CVII. 

FiouRB  1.  Cordia  (f)  lowii  Beny  from  Ackenuan  formation  at  Hurleys,  Mias 346 

PlouRB  2.  Cordia  ubasteruiy  living  form,  introduced  for  comparison. 

FiouRB  3.  Bumelia  wUcoxiana  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 336 

FioURB  4.  Aviemnia  nUidafofmii  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 347 

FiotTRE  5.  leacorea  prepanicuUUa  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 332 

Figure  6.  DiospyroB  braehyaepala  Alexander  Braun  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear, 

Tenn 333 
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PLATE  CVIII. 

I^ouRB  1.  Mimu»opt  mitnuippiefrng  Beny  from  Grenida  fonnation  at  Grenada,  Mias 340 

Figure  2.  Bumelia  hurleyensiM  Berry  from  Ackerman  formation  at  Hurleys,  Mias 338 

Figure  3.  Bumelia  ffrenadtngU  Berry  from  Grenada  fonnation  at  Grenada,  Mias 338 

Figure  4.  ApoeynophyUum  wUcoxenae  Benry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn . .  342 
Figure  5.  ApoofnopkyUum  mpindtfolium  HoUick  from  Lagrange  formation  (in  beda  of  Wilcox  age)  at  Puryear 

Tenn 344 

FkGURB  6.  Apocjfnopkyllum  miggiBnppien$i$  Berry  from  Grenada  formation  at  Grenada,  Miaa 342 
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PLATE  CIX. 

FiouRE  1.  SapinduB  miansnppientU  Berry. : 274 

Figure  2.  Sapindut  eolignUicua  Beny 276 

FiouRB  3.  Sophora  puryearensis  Berry 242 

FiouRB  4.  Sapindut  lineanfoliuB  Berry 276 

Figure  5.  Artocarpoides  wilcoxentU  Beiry^ 194 

Figure  6.  Hiraea  vnlcoxiana  Berry 257 

All  Bpecimens  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. 
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Page. 

Figures  1,  2.  Banisteria  pgeudolaurifolia  Berry,  small  leaves 255 

FiGUBB  3.  Nectandra  sp 312 

Figures  4,  5.  Canavalia  acuminata  Berry 249 

All  specimens  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn. 
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PLATE  CXI. 

FiGURB  1.  Leaf  of  Rhamnus  sp.,  infested  with  insect  galls,  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at 

Puryear,  Tenn 33 

Figure  2.  Carpolithtu  dietyolomoides  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn.      353 

FiGUBB  3.  Same,  X  3. 

Figure  4.  Casna  gUnni  major  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 234 

Figure  5.  Metopium  wilooxianum  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 260 

Figure  6.  Leaf  of  Diospyroe  sp.,  infested  with  spot  fungus  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at 

Puryear,  Tenn 162 

Figures  7,  8.  Fragments  of  Ligyda  (7)  sp.,  an  isopod  crustacean,  from  Holly  Springs  sand  1}  miles  west  of  Grand 

Junction,  Tenn 33 
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PLATE  CXII. 

Figure  1 .  Aniholiihug  marskallensis  BeiT>'  from  Holly  Sprin}^  sand,  at  Early  Grove,  MisB 350 

Figure  2.  Carpolithus  proteoidest  liem-  from  Lagrange  formation  (in  beds  of  Wilcox  age  i  at  Puiyear,  Tenn 353 

Figure  3.  Carpolithus  Hp.,  from  Lairrange  formation  (in  beds  of  Wilcox  age)  at  Piuyear,  Tenn. 

Figure  4.  Carpolithus  hyoserUi/onnU  lierry  from  Lagrange  formation  (in  be<l8  of  Wilcox  age)  at  Puryear.  Tenn. .  353 
Figure  5.  Nodal  di^k  of  Home  undetermined  plant  from  Lagrange  formation  (in  beils  of  Wilcox  age .  at  Pur>'ear. 

Tenn. 

Figure  6.  Anthotithus  arundites  Berr>'  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puryear,  Tenn 3o«> 

Figure  7.  (  arpolithus  sophoriies  Kerry  from  Grenada  formation  at  Grenada,  Misn 352 

Figures  K-10.  Chrysobalanuif  eocenica  lierry  from  Grenada  formation  at  Grenada,  MLv 220 

Figure  1 1 .  (.aYpolithus  pilocarpoides  Berry  from  Grenada  formation  at  Grenada.  Jklise 352 

Figure  12.  FhyllUes  wilcoxensis  Berr>-  from  Crrenada  formation  at  Grenada,  MLw ls2 

Figures  13,  14.  Sipadites  burtini  umlHtiuttiis  Bowerhauk  from  Grenada  formation  at  Grenada.  Miss 176 

Figure  15.  CarpoliOtus  greuadensis  Berry  from  Grenada  formation  at  Grenada,  Miiw 352 

Figure  16.  Carpolithus  tunritrnsis  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  agc»)  at  Pur>-ear,  Tenn 352 

Figure  17.  CarfHtlithus  teuit*  cutting  is  Berry  from  Lagrange  formation  (in  beds  of  Wilcox  age)  at  Puiyear.  Tenn. .  352 
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FiGCitEl.  FintB  woplanicKoUxia  KiKjmlton.  eec.  12,  T.  12  N.,  B.  12  W.,  La 198 

FiGCRE  2.  Zamta  -f  •  w'driJCjensU  Berry,  4J  miles  K^utheait  of  Xaborton,  La 1^9 

FiGCRES  3,  4.  ArarxJtlU*  fnitU  Berry,  4J  miles  southea^  of  N»bor1oo,  1^ 175 

3.  noUjzrafih  <ji  ti-pe. 

4.  Sh'Tvin:^  portion  of  o[>unterpaji. 

FtoCREo.  I>afmi'^/»  m4>rrodrr4te£ta  aiollick;  Beriy,  sw.  11,  T,  12  X-,  B.  12  W.,  Ia 291 
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Page. 
Figure  1.  Ficus  neoplanicastata  Knowlton,  sec.  12,  T.  12  N.,  R.  12  W.,  La 198 

PiouRB  2.  Zamia  (f)  wilcoxensia  Berry,  4J  miles  southeast  of  Naborton,  La 169 

FcGURES  3,  4.  Araceasites  friteli  Berry,  4i  miles  southeast  of  Naborton,  La 175 

3.  Photograph  of  tyi)e. 

4.  Showing  portion  of  counterpart. 

Figure  5.  Dillenites  microdentatus  (Hollick)  Beny,  sec.  11,  T.  12  X.,  R.  12  W.,  La 291 
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PLATE  CXV. 

Figures  1,  2.  Menispermites  wilcoxenns  Berry,  near  Naborton,  La 218 
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Pace. 

Figure  1.  Prunus  nabortenna  Berry,  near  Naborton,  La 221 

Figures  2,  3.  Menispermites  wilcoxensis  Berry,  near  Xaborton,  La 218 

4G5 


PLATE  CXVII. 

Page. 
Figures  1-4.  Dryophyllum  amplum  Berry,  near  Naborton,  La 193 

1.  Fragment  of  normal-alzed  leaf. 

2.  Tip  of  leaf. 

3.  Base  of  leaf. 

4.  Enlargement  to  show  character  of  venation. 
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Abtet  nendentiB 172 

Abletites 145,146 

Abroma 288 

Aouda 88,93,151,152,222,227 

.   brongniarti 166,241 

coriaoea 222 

dianie 155,222 

microphylla 240-241 

mimosoides 222 

oblunata 155,222 

paradoxa 227 

proserpine 222 

pycnantba 155,222 

tenuifolia 266 

unlnervifolia 227 

Botxkiana 227 

wilcoxensls 40,63,142,165,222,-^4 

sp.  (novT) 27 

Aoantbacee 130 

Acanthopanax 123 

Aoexacen 148 

Aoeiates 145 

Achras 127 

Acmanthera 100 

Acrodiclidleaj ^ 115,117 

Acrostichum 74,136,138,166,216 

Actlnidia .114 

Adansonia 289 

Adelia 108 

Adenopeltis 101, 102 

Adinandra 114 

JBgiceras 125 

Ailanthophyllum 96 

Ailanthus 98 

leaf  fragment 24 

Allamanda.'. 130 

Allophylus 106 

Alnus  fruit .• 85 

Alstonia 130 

Alyxla 130 

Amentiferse 187 

Ampelodaphne  arunciflora 305 

Amyris 97 


Anacardiacese 66,102,103,138,139,152,186,260-263 

Anacardiophyllum 103 

Anacardioxylon 104 

Anacardltes 103,146,151,261-263 

Iftlcatus 48, 66, 142, 157, 261,  .(08 

grevilleafolla 38,48,66,142,144,261,262,.^,.^ 

marshallensis 41,66,142,261,-<(?7 

metopifolia 48, 51, 66, 142, 144, 157, 260, 261, 262-263, 407 

minor 48, 66, 142, 261, 262, 4(W 

puryearensis 48, 66, 142, 157, 261-262,  .((W 

serratus 45, 66, 142, 157, 261, 263, -<(?7 

Anacardlum 108,262 

spp 157 

Anamirta 218 

Anaphrenium 103 

Anasillis 280 

Andromeda 145,146,234 

ddieatula 26,307,308 

dubia 21,23,333 

eolignitiea 26,284,307 

vaccini/olix  aflinis 21, 23 

Androvettia 145,146 


Aneimia 74,152,164-165 

adiantifolia 153,165 

cfcnitaria 153 

cuneata 153,165 

eocenica 48, 52, 60, 141, 147, 148, 153, 164-165}  Sf0,Sf7, 558 

stricta '. 165  footnote. 

subcretacea 153,164,165 

Aneimiorrhiza ie5 

Angiospermse 61, 76, 174-353 

Anomalse ; . .      247 

Anonaces 9,14,63,88,89,115,152,216-218 

Anona 88,89,90,136,139,146,151,152,216-217 

ampla 32,48,52,57,63,141,155,217,349,588,589,590 

elliptica 216 

eolignitiea 48,57,63,141,155,217,349,350,59/ 

glabra 90,155,216 

palndosa 217 

reticulata 90,217 

squamosa 216 

wUooxiana 48,57,63,141,155,216-217,349,590 


spp. 


155 

Annona 216  footnote. 

Antholithes  quinqueportita 348 

AnthoUthus , 132,350 

arundites 48, 71, 143, 350,  .(tf/ 

marshallensis 42,71,143,350,.^/ 

Antidesma  maximowlcsii 101 

Apelba Ill 

Apeibopsis 110,111 

Apocynaceas 70, 128, 12»-130, 136, 152, 205, 342-345 

Apocynophyllum 39, 129, 130, 151, 152, 317, 342-345 

oonstrictum 54, 70, 145, 344-345*  4S2 

heeril 342 

lesquereuxli 342 

mississipiensis 38, 70, 145, 342-343,  .^7 

sapindifolium 26, 38, 48, 54, 56, 70, 145, 149, 160, 343, 344,  W,  4S7 

scudderi 205,343 

tabeUarum  . .  22, 25, 40, 48, 52, 57, 58, 70, 130, 143, 342-344, 345, 461, 46i 

wilcoxense 40, 48, 57, 70, 143, 148, 160, 342, 345, 45f,  .^7 

Apocynum 129 

Apollonieee 115,117 

Apoph  y  Hum 90 

AquifoliaceiB 104 

Arace® 61,77,175-176,182 

Araceaites 153,175-176 

fritell 57,61,77,153,175-176,4^5 

Arachis  hypogsa 250 

Arales 61,77,175-176 

Aralla 11,39,122-123,151,152,201,327-329 

acerifolla 38,60,145,149,159,328 

ooriacea 290,330 

dubia 327  footnote. 

fragment 25,328 

Jorgenseni 38,69,145,149,159,328-320 

notata 11,25,52,60,145,148,149,159,327-^28,4^ 

primigenia./ 329 

pungens 105 

whitneyl 123 

(?)sp 328 

AraliacesB 69,72,122,152,327-331 

Arall£Bcarpum 123 

Araliffiphyllum 123 

Araliopsis  brev  iloba 11 

cretacea 11 

Araliopsoides 123 

Araliphyllum 123 

Araucada 145,146 

467 
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ArchldilamydwB 77,92 

Archytasa 114 

Ardisia 126,332,335 

dentata 283 

lanceolata 263 

myricoides 158,285 

Ardisiophyllum 126 

Areca 76 

Aracacese 61,76,176-181 

Arecalfls 61,76,176-181 

Aristolochia 87,139,146,152,211-212 

claiborniaDa 212 

nunlng^msts 212 

teoomsBcarpa 212 

wllcoxiana 45,63, 141, 155, 211-212,  S«7 

spp 155 

ArlatolochJac8« 63,87,152,211-212 

Aristolochiatos 63,87,211-212 

ArisUdochltes  conoldeus 352 

sulcatus 352 

sp 161 

Arthrophyllum 123 

Arthrotaxis 75,171,173-174 

(?)  eoUgiillIca 48,61,141,163,173-174,384 

subolata 163,174 

spp 153 

Arthrotaxopsis 173 

Artooarpidiom 81,151 

Artocarpold«8 82,104 

ooDooephalokles 160, 331 

wilcoxoDSis 48, 62, 141, 154, 164,  ^« 

spp 154 

Artocarpophyllum 82 

Artocarpus 77,81,82,83,136,138,176,194 

caUfornica 196 

dubia 26,56,57,62,143,154, 196, 57S,^f 

indsa 154,195 

iMslgiana 26, 

55, 56, 62, 143, 145  footnote,  148, 154, 194-105, 196, 575 

pungens  (7 ) 38, 53, 56, 57, 62, 143, 148, 154, 195-196, 57^,  570, 575 

7querooldes 195 

vUooxiana 148 

spp 154 

Aiundo  gcepperti 25,28 

AsclepiadacMB 128 

Ascomyoetes 162 

Aslmina 10,14,89,90,139,146,218 

eoosnica. 10,14 

Moearpa 14,23,43,63,140,155,217,218 

triloba 14,89,90,218 

Aspiden W7 

Asplenlum 74,151,167-168 

dicksonJanum 165 

eoUgnitlca 52,58,60,140,141,148,153,167-168,169,555 

hurleyoiais 43,60,140,148,153,168,557 

iasyaoenae 153,168 

macropbyllum 168 

nitens 168 

serra 153.168 

sabcretaceum 164 

AsterocaiTnm 76 

Asteropeia 114 

Astronhim 104,157,260 

AtamJsquea 90 

Aubrya 99 

AulomyTda 319 

Aurantibidete 97 

AyioennJa 131,136,138,139,146,347-348 

eooenica 48,70,143,161,347,455 

nitida 161,347 

nitidaformls 42,70,143,161,347-348,458 

Avioesmiacese 131 

Aydendroa ^ 312 

B. 

Bactris 76,138 

Bactritos 76 

Beeckea 118 

Balanopsidales 77 

Balogbia 101 


Balaamisaoen 102 

BanJstcria 100,101,146,151,255-257 

fnictuosa '. 48,65,142,156,257,405 

helvetica 256 

juglandoldes 152,156,256 

UiuKoUa 101,156,256,257 

pseudolaurifoUa 48, 51, 65, 142, 151-152, 156, 255-256, 405, 459 

repandifoUa 48,65,142,156,256-257,405 

sotsldana 156,256,257 

vaaseori 256 

wUcoxJana 24,45,51,65,142,156,256,257,405 

BanisterieeD : loo 

Banlsteriixue 257 

BanJsteriophyUum 100,101 

Banksia 83,86,87,136,138,151,152,268-211,353 

attenuata 209 

collina 209 

Iwringfanft 155,209 

helvetica 22,337 

littoialJs 209 

longlfoUa 155 

margJnata 136,209 

puryearensis 48,63,  HI,  211,585 

saffoxdi 21, 

22,23,24,27,38,45,48,51,63,141,144,155,192,208-210,211,585 

serrata -.     209 

spinulosa 200,210 

tenulfoUa 48,51,52,63,141,144,155,209,210-211,353,585 

ungeri 209 

spp 155 

Banksles 87 

Banksites 83,86 

Bauhlnia 95,145,146 

BegonJaoee 113 

Belencita 90 

Bennetia 114 

Bercbemla 110,212,285 

Berendtia 120 

Betulacese 79,81 

Bignonlaoe«e 78,138,353 

Blepbarandra 100 

Bombacacen 67,110,111,152,289-291,335 

Bombadphyllam Ill 

Bombacites 111,146,152,280-291 

formosiu 48,67, 142, 158, 289-291,330,4^4 

wilODZianas 48, 57, 67, 142,291,4^4 

Bombax 111-112,288 

argillaoeum 289  footnote. 

chQrisiaefoUiim 

chorisloides 

heptaphyllum 290 

mucronatum 2tf 

neptuni 156,289 

sepultiflorum 290 

virginlensls 289  footnote. 

spp 1S8 

Boragioaoefle 70,130,212,345-346 

Boraginites 130 

Boronies 96 

Bossifeinn 92 

Bothriospora 132 

Boarreria 212 

havanensis 212 

Brachylophon 100 

Brachynema 127 

Brachyphyllum 145, 146 

Brosimum 194,335 

Bryophyta 74 

Budda 323 

Bucklandia 92 

Buettnerto 112,113 

Buettnerles 112,113 

Bumelia 39,88,126,127,152,237,253,336-330 

americana 23,70,145,152,160,336,337-338,449 

angustlfoUa 837 

cuneata 160,337 

grenadensis 38,70,145,160,336,338-339,457 

horrida 160.337 

hurieyensb 43,70,141,160,336,338,457 
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BumeUataxniginosa 160,337 

Janugliiosafolia 41,143,160 

nervosa 3^ 

oreadum 160,336,388 

piffvitolia 337 

psoudohorrida 48,60,143,160,265,336-337,4^ 

peeudotenax 22,42,43,59,60,141,143,160,281,336,337,338,44^ 

retuaa 180,336,330 

sabspathulata 336 

tenax 337 

wflooidana 42,48,60,143,160,336,338,44^,4^ 

Buneracefle 96,270,353 

Bi2sb«ckia 91,219 

Buttneria 201 

Byronia 104 

BjTsonima 100-101 

luddft. 99 

C. 

Gaooucia 120 

Gactaces 101 

CsDnomyoea 146,162-163 

annulata 45,60,141,163 

cassise 45,60,141,163,3tf» 

laurlhea 40,60,141,153,162 

xnyrtsB. 40,60,141,163 

pestakKzltflS. 38,40,60,141,143,153,162-163,569 

sapoUe 40,60,141,162 

Casalpinia 93, 94r95, 139, 146, 151, 152, 235-236 

bahamensis 06,155,235 

bonduc 236 

bonduoella 235 

gmehUngi 266 

noga 235 

seUardsi 236 

townaihendl 166,236 

wUooxiana 41,42,46,48,64,155,236-236,237,242,599 

CaBfialpiniaoes.. 64, 92, 93, 94, 05, 152, 214, 226, 228-241, 250, 252, 254 

Csesalplnites 98,95,147,235,236-238,254 

aculeatafoIJa 48,64,142yl56 

(ParkixuoniaT)  aculeatafolia 237-238,590 

bentanensis 54,64,144,237,509 

oolligendus 155,236 

mississlppiensis 41,64,142,234,237,599 

ptosonensis 46,64,142,156,236-237,599 

Oalamopsis  bredana 179 

ianai ^ 22,179 

Gataunus 77,179 

Caleslum 102 

GallJstemon 120 

CaUlstemopbyllum 120 

OalophyUum 127 

Calycites 132,350-351 

davOlafonnls 48,71,114,142,158,356-351,4^5 

ostryaformls 59, 71, 145, 351, 4^ 

Calyptranthes 119,146,310 

eocenica 48, 69, 143, 159, 319, 45» 

syzyglum 159,319 

GameUa 346 

Campanulaoefe 72 

Campanulales 78,125 

Campnosperma 102 

Oamptotbeca 124 

Oanavalia 95-96,139,146,248-249 

acuminata 42,48,65,142,249,4^9 

cubensis 248 

eocenica 39, 41, 48, 65, 142, 156, 248-249, 40f 

obtuslfolia 96,139,156,248 

Oanna 77,136,139,146,152,181-182 

eocenica 39, 40, 58,61, 141, 143, 148, 153, 181-182, 594 

flaocida 153,181 

Cannacese 61,181-182 

Gannophyllitee 151,181 

ongeri 181 

Oapparidaoeae 63,90,91,218-219 

Capparidoideee 90 

Capparidoxylon 91,219 

Capparis 91,136,146,218-219,248 


Cappaiis  amygdalina 219 

angustifoUa 219 

csmoptaallophora 219 

domtogensis 91,155,219 

eocenica 39,41,42,48,63,142,144,155,218-219,595,40/ 

femiginea 219 

JaoobinsB 219 

Jamaioensis 339 

longifolia 219 

multinervis 219 

ogygia 219 

Capparltes 91,146 

Caprifoliaoe® 148 

Carapa 98,99,139,146,253 

eoUgnltica 24, 32, 48, 51, 65, 142, 144, 156, 253, 404, 4^ 

gnlanensis 156,235 

molnooensis. 99, 253  footnote. 

obovata 99, 253  footnote. 

prooera 98,99 

Cardioepennum 106 

Carplntis '. 79,184,293 

betulus 184 

CarpoiUhei  arachioidet 249 

CarpoUthus 35,39,86,95,132,152,351-353 

dictyolomoides 71,143,161,353,4^0 

grenadensis 39, 71, 145, 352, 4&i 

henryensis 48,71,143,161,352,461 

hyoeeritifonnis 48,71,78,143,161,353,4^1 

ostryafOTmis 161 

pllocarpoides 39,71,145,161,352-353,4^1 

prangosoides 48, 71, 124, 143, 161, 351-352, 4^ 

proteoides 48,71,87,143,161,353,491 

pnryearensis 48,71,143,351,455 

sophorites 39,71,145,161,352,491 

tennesseensis 71,143,352,491 

8p m 

Cbrya  an/iffua 26,187 

antiqwtrum 187 

n.sp 22 

CaryophyUaoesB 87,124 

Cassia 39,88,94,146,152,214,228-235,250 

acutifoUa 230 

apoucooita .• 155,230 

bentonensls 53,54,59,64,144,155,228,229-230,599 

beronices 155,230,233 

oondnna 249 

emax^inata 41, 42, 45, 64, 142, 163, 228, 233, 234, 323, 559, 594, 597 

eoUgnitica 42,46,48,64,142,228,229,597 

fayettensis ...  41, 46, 48, 52,54, 64, 142, 155, 228, 229, 232-233, 234, 599 

ferotniae 155,232 

glenni 21, 

23,  27,  39,  42,  46, 52, 64, 142, 144, 148, 
155, 228, 232, 233-234, 594, 40t,  m 

glenni  major 48,64,142,228,234 

hjrperborea 233 

Isevigata 229 

lignitum 232 

Ugostrinoides 232 

longifolia 236 

lowU 39,64,228,234-235,401 

marsbaUensis 42,46,52,64,142,228,229,232,234,599 

membranacea 229 

mississippiensis 39,46,64,142,144,228,235,400 

odoratifolia 48 

pseudoglandulosa 156,239, 

puryearensis 48,64,142,228,235,400 

sapindoides 234 

stipulaoea 155,232 

tennesseensis 42,46,64,142,228-229,232,234,235,599 

tore 230 

wUcoxiana ...  41, 64, 142, 228, 229, 230-231, 233, 234, 235, 242, 320, 599 

sepbyri 156,239 

Cassine 105 

CassythesB 115,117 

Castanea 81 

atavia 191 

kubinyi 191 

saports 192 
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CaataoflasezannoDsis 158,292 

Castanopsis 81 

Casuarioales 77 

Catha 106 

Caucanthus 100 

Ccanothus 1 10, 279 

amflricantis 378 

meigtii 22,23,27,278 

tilia»foUus 278 

Cecropia 12,13,82,206-207 

heerl 13,154,207 

app 154 

Cedrela 99, 136, 146, 152, 253-2M 

eoropna 264 

flssills 156,254 

mississlppiensis 42, 65, 142, 156, 2A4, 4^4 

odorata 255 

odoiatiloUa 65,142,a«5,^ 

primjgenia 254 

puryearensls 33,48,65,142,254-255,^ 

radobojana. 2SL' 

vUooxiana 41,42,48,65, 142, 253-254»40ir 

CednlaoMB 99 

CedrelophyUum 99 

Cedrelospennltes 99 

Cedrelospennum 99 

Ceiba 289 

pentandra. 290 

CelastraOMe 66, 102, 105, 106, 114, 139, 152, 284-208, 293, 327 

Oalastrales 102 

Celastrfnanthiiim  bauchecomel 106 

Celastrinites 105 

Celastropbyllum 105,114,145,146 

grandUolium 295 

Celastrus 105,136,147,152,205-267,346 

andromedie 157,267 

arctica 105 

bnickmannl 157,265 

bruckmaonifolia 42,66,142,157,265-266,^/0 

eolignitica. 42,46,66,142,157,265,266-267,408 

minor 42, 66, 142, 265, 266, 4iO 

noaticus 157,267 

perael 157,267,293 

splendidus 157, 287 

taurinensis 26,56,66,144,149,157,265,267,409 

veatcbi 26,42,56,66, 142, 144, 149, 157, 265, 267,4i0 

Celtis 221 

brevlfolia. ?2,204 

Cenarrhenes 84 

Cephalotaxospermum 145, 146 

CentrospermsB 87 

Cepbalopanax  (?) 123 

Ceratopetaltim 206 

Cerbera 129 

Cercis 15,02,91,136,146,151,228 

amelise 250 

canadensis 228,598 

deperdita 151,155,228 

wllcoxiana 44,64,142,151,155,228,598 

ChamePdorea 77,101,138,146,179-181 

danal 22.54,61  140,153, 179, /«?,  181,  *5»,  560 

spp , 153 

CbamoclaucieflD 118 

Chameerops 76 

ChenopodJales 63,87,213-214 

Chondrophyllum  nordenskioldi 175 

Cborlpetalae 61,77,83,92,122,124,125,145,182-332 

Chorisia 289 

Chrysobalanoldes 92 

Chrysobalamis 02,136,139,146,220-221,248 

eocenlca. 39, 48, 63, 142, 144, 155, 220, 221, 595, 4^/ 

Icaco 155,220,221,595 

inscqualis 21,23,39,48,63,142,144,155,220-221,595 

oblcWifolius 155,221,595 

pne-Icaoo 220 

Chrysophyllum 126,146,151,335-330,343 

cainito 335 

flclfolla 39,46,69,145,160,335-330,344,449 

ollvlforme 160,335 

ChytracuUa 319 


CiDflluma. 132 

Cinchonidium 132 

Cinnamomere 115 

Cinnamomum 10, 13, 

22,n,82, 115, 116-117,138, 146, 147, 151, 152,296-300,303,312,313 

afflne 10, 13,  «0, 25, 57, 58, 68, 148, 158, 298, 299 

bucbil 26,56,68,144,149,158,290,297,299-800,4^8 

buimanni 313 

campbora 116,313 

intermedium 296 

lanoeolatum 13,297,298 

mississlppiensis 13, 

22, 25. 40, 68, 140, 141, 148, 149, 158, 290, 298-299, 580 

newberryl 298 

Obo^tus 68,141,296-297,578 

oblon^atum 48, 57, 68, 141, 148, 156, 290, 297-298,4^8, 4SM 

polymcltehmo 13,297,299 

J!Wfi»vW»y! 26,27,52,55,68,144,158,290-298,4« 

rossmiislerl, 158,297 

teheuekzeri 13,27,297,298 

Mownentec 26,158,301,300 

spectabOe • 299,302 

vera 40,41,42,48,68,141,158,280,290-297,4^,439 

seylanlcum 116 

27 


sp 

spp 

Cipadessa... 
CIssampelos. 
Cissites 


158 

98 

218 

145 

Cissus 386 

Citbarexylon 131,136,139,146,340-347 

eoligniticum 39,41,70,143,145,161,840-347,4^ 

villosum 131,161,347 

Citropbyllum 97,146,252 

aligerum 252 

eooenicum 252 

wflooxianum 48,65,142,252,404 

Cladophlebis 145 

Cladastemon 90 

Cladrastis 93 

Cleomoides 90 

rierodendron 131,206,292 

serratum 208,292 

Clonodia 100 

Cluytia 101 

Gooooloba 212 

Invigata 212 

Coooolobis 6,87,88,136,139,146,147,212-213 

oolumbianus 213 

eolignitica 32,48,63,141,155,212,213,587 

laurilolia 155,212,213 

uvifera * 155,213 

uviferafolla 32,48,63,141,155,212-213,459 

Cooculus 145,146 

Coleostacbys 100 

Colligoaja 102 

Colubrina 110 

Colutea 145,237,336 

maCTopbylla 336 

CombretacesD 9, 10, 60, 118, 119, 120-121, 122, 139, 253, 320-326 

Combretacinium 121,321,323 

Combretanthitos 121,322-323 

eocenica 46, 09, 143, 159, 322-323, 44i 

Combretipbyllum 121,321 

Combretum 121,136,146,147,321-322 

guiananense 150,323 

obovalls 48,69,143,159,322 

ovalls 23, 25, 32, 43, 44, 58, 69, 141, 143, 148, 150, 321 ,  322, 44.*,  445 

wilcoxensb 48,69,143,159,821-322,458 


spp. 


159 

Comocladia 103 

ComposltJe 92,93,125,161,353 

Comptonia 80,86,188,195 

Condaninea 98 

Conlferales 61,145,109-174 

Conocarpitcs 121,146 

Conocarpus 88,120,121,136,146,147,323,825-326 

erectus 159,326 

arboreus 326  footnote,  444 

eollgniticus 48,57,69,143,150,32^^-320,4^4 
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Conospermites 84 

Conospenntim 84 

maorophyllum 207 

Gontortse 128 

CoDvallaria  latifolla 182 

ComvolYulaoesB 130 

Copaifera  relJcta 236 

Coprosoma 132 

Cordia 88,130,136,139,345-346 

aplcalata 346 

eooenlca 48, 70, 143, 161, 256,345-346,  ^5 

(7)lowIl 43, 70, 141, 161, 346, 4^ 

sebastena itBG 

suboordata 346 


spp. 


161 

Cornacs 60,122,124,152,331-332 

Comophyllum 145 

Cornus 124,152,212,331 

platsrphylla 331 

rhamnifolia 168,284 

serloea? 22 

Btuderi 26,56,57,69,145,148,160,331,4/7 

Ccrylopsls 92 

Cotinus 108 

firateraa 103 

palteoooUnus 103 

Coussarea 132 

Crassulaoes 91 

Cratsegus 92 

Cresoentia ' 137-138 

Crotaneluterla 102,157,250 

Chitonophyllam 101,102,146,258-269 

appendlculatum 40,66,142,259,^ 

cretaoeuin 250 

eooeniciim 49,66,102,142,157,258-259,407 

pandurffiCormls 259 

CrucifersB 90, 124 

Cryptandra 108 

Cryptocarya 117,146,312-313 

eolignltlca 26,56,68,144,150,312-313,457 

spp 150 

CryptooaryeiB 115,117,312 

CuneatsB 165 

Cuiminghamites 145,146 

CupanJa 107, 209, 270 


spp. 


157 

CupanJee 107 

Cupanltes 107,108,146,152,269-270 

eolignlticus 49, 52, 67, 66, 142, 144, 167, 269, 1^19, 414 

loughrldgU 23,24,27,62,66,144,157,269-270,4/4 

Cupanoides 107 

Cupressinoxylon 76, 174 

caUi 25, 61, 143,174,555 

CwpressUea  raeemotus 169 

Curatella 113 

CuspariesD 96-97 

Cussonia 123 

Cussoniphyllum 123 

Cybtonthus 126 

Cycadacese 60,76,169 

Cycadales 60, 1 69 

CjTcadeoidea 133 

Cycadlnocarpiis 145, 146 

Cycas 22,179 

CyperaoeflD 61, 174-175 

Cyperites 76,152,174-175 

sp 27,65,61,143,174-175 

D. 

Dalbergla 95, 139, 152, 237, 245-247, 253 

affinis 246 

antlqua 231 

bella 95,245 

calvertensis 245 

chartacea 242 

cuneifolia 246 

eooenlca 49, 65, 142, 166, 245-246, 40t 

hseringlana 95 

microcarpa 246 

50243**— 16 38 


Balbergiamoinospermoides 49,65,142,246,469 

ollgoc«enica 246-246 

phleboptera 246 

primaeva 96 

retusflBfolia 95, 246 

texmesseezisis 49,66,142,156,246-247,409 

wllcoxiana 49, 65, 142, 156, 246, 40«,4W 

sp 156 

spp 166 

Dalbergieffi 247 

Dalbergiophyllum 247 

Dalbergites 39,95,247-248 

elllpticlfolius 39,65,144,247,405 

ovatus 39,65,144,247-248,405 

Dammara 119,145,146 

Daphnogene  kaimi 26, 296 

Davflla 113,114,360 

spp 158 

DeblneesB 103 

Denhamia 106 

Depasea 162 

andromedse » 163, 162 

Deimatopbyllites 146 

DesmodJum  ellipticum 235 

Dewalquea 146,290 

Diacidia lOQ 

Dl6ksonia 145 

groenlandlca 166 

Dlcotyledonae 61,77,106,107,124,145,182-353 

Dictanmtis 97 

Dictyoloma 353 

Dicypellium 115 

Dieune 91,219 

Digitatae 112,123,329 

Dfflenla 113,114,292 

Indica 1.      292 

palBBooenlpa 292 

spedosa 292 

spp 168 

DlllenJaoefe 67,113,288,291-294,350 

Dfllenltes 114,146,291-294,350 

mlcrodeiitatus '. 26, 

66, 67, 67, 144, 168, 264, 291-292, 293, 294, 4?4, 4^,  ^ 

oyatas 26,43,56,67,141,291,292-293,294,4/7 

Senalus 41, 67, 142, 291, 293, 4Af 

tetracerafolia 39, 49, 67, 142, 144, 168, 291, 298-294, 4H 

texensls 39,69,67,144,291,294,4/7 

Dilodendron 270 

Dioslnese '. 96 

Dlospyros 127,128,146,161,162,333-334 

bracb3rsepa]a 21, 

23, 49, 59, 70, 143, 146, 147, 140, 160, 333-334, 4A7, 456 

maritlna 334 

prixnaeva 127-128 

teysmanni 334 

vera 128,334 

virglniana 160,334 

wUcoxiana 49, 70, 143, 160, 333, 334, 4«> 

spp 160 

sp m 

Diplopteris 100 

Dipterocarpacesc 113 

DlpterygioideeB 90 

Dodonsea 270-272 

allemanica 271 

angiistifoIJa 157,270,271 

candollei 271 ,  272 

canescens 271 

oonfusa 271 

cycloptera 271 

exnarglnata 271 

Jamaicensis 271 

knowltonl 49, 67, 142, 167, 270, 271-272, 4/» 

orbicalata 27 1 

prisca 271 

pteleefoUa 271 

salicites 271 

saportana 271 

viscoM 108, 139, 167, 270, 271, 272, 4/S 
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Dodonaea  visoosoides 271 

wilcoxiana 42,67, 142, 157,  a7a-«71,«7 

Dodonseaoese 108 

]>odQn8eitos 108 

DoUchltos 14-15 

deasseni 14-15,  BO 

DoUchos 15 

Dollocarpus 113,114 

Dombeya 12,113 

DombeyeoB .'     113 

Dombeyopsis 12, 15, 113 

oeeidentnlia 12,197 

Dombeyoxylon 113 

DodODiea 106,108,136,139,146,152 

Doryanthltes 146 

Dothidia 162 

Drepanocarpus 247, 248 

frankel 236 

Dtimys 88 

Dryandia *. 83,88,87 

Dryandroides 83,86 

Drynazia  composita 166 

Dryophyllum 81,151,152,18^193,270 

amplum 57,62, 189, 103, -^flff 

ftn^f^H""* 49,62,141,189-190,193,573 

aquamaram 191 

ciirtlcellonse 154,192,193 

dewalquei 192,193 

levalense 154,190 

moorii 22, 

27, 32, 43, 52, 58, 62, 140, 141, 147, 154, 189, 190-191, 193, 57/,  57f 

palaeocastanea 154,192 

puryearensls 39, 

49, 52, 62, 141, 143, 148, 154, 189, 190, 191, 192-193, 570 

tannesseensls 21, 

23,24,27,32,  39,40,41,42,49,  50,52,57,62, 
141, 143, 147, 154, 189, 190, 191-192, 968, 
Se9,S70,S71 

DryopterideeB 167 

Dryopterls 167,216 

Dryopterltes 146 

Drypetes 102,136,146,258 

dlverelfolla 258 

keyensls 102,157 

lateriflora 102,157,258 

prokeyensls 49,66,142,157,258,407 

prelateriflora 41,66,142,157,258,^ 

Dysoxylum 99 

E. 

Ebenaoeee 70,126,127,139,152,333-334 

Ebenales 69,70,125,128,333-340 

Ebenoxylon 128 

Echlnopteris 100 

Echltes 345 

spp 160 

Echltoldew 129 

Echltonlum 130,345 

lanoeolatum 49, 70, 143, 149, 160, 345, 4Si 

Bdwardsia 238 

parvifoUa 238 

Elaeagnut  inxquaUt 21,23,220 

Eteis 76 

ElseocarpaoMB 110 

Eleeocarpus  earopffius 287 

Eteodendron 105,106 

degener 267 

polymorphum 267 

Elaphrium 104 

antiquum 280 

EmblixigloidesB 91 

Embothriophyllum 86 

Embothriopsis 86 

Embothrites 86 

Embothrium 83, 85 

Emmeorrhiza 132 

Bmpedoclea 113-114 

Enantloblastos 132 

Endiandia 115 


Endlich«ra 132 

Engelhardtia. 78,79,80,137,139,^146,147,183-184,187 

broogniarti 154,184,185 

chrysolepis 154,186 

ettlngshauseni 24, 

39,41,42,49,52,54,61,141,143,147,154,184,185-186,588 

fruit 28,135 

mississippiensis 61, 141, 154, 183, 184, 185»  186 

(Onomunnoa)  mississippiensis 42, 79, 183-184,581^ 

puryearansis 49,61,141,154,185,186,569 

spicata 154,184,186 

Entada 139,151 

dubia 151,156^241 

polypheml '. 241 

prfmogenita. 241 

Eoachras 127 

Eorhamnidium 146 

Equisetum 146 

Ericaoese 131 

Erlcates 78,124,125 

Erythrixuk  arborea 15 

Erythrochyton 96 

Euardisia * 125 

Euartocarpefle 82 

Eucalyptus 119,120,315,317 

ooeanica 315 

n.  sp 27 

Euclea 137,128 

Eugenia 39, 88, 118, 119, 120, 136, 146, 151, 152, 317-<310 

axillaris 159,318 

oonfusa 150,318,319 

densinenria 23,69,145,150,316,317-^18,319 

grenadensis 39,69,145,159.319,^ 

bilgardiana 22,43,69,141,189,818,319,.^ 

puryearensls 49,69,143,159,318-319,.^ 

rhombea 159,318 

spp 150 

Euonymus 105, 106, 267-209 

acuminatus 268 

atropurpureos 268 

flexifolius 288 

hamiltonianus 268 

Javanicus 268 

pendulus 268 

proserpinse 157,268 

splendens 42, 44 , 

45, 46, 49, 56, 66, 142, 148, 149, 157, 188, 207-269, 346,  |iO,  Ut 

waUichii 288 

xantbolithensis 268 

spp 157 

Euphorbeocarpum 101 

E  upborbia 101 

Euphorbiaoeae 66, 96, 101, 102, 137, 138, 139, 152, 258-260, 288 

Euphorbiales 101 

Eupborbioides 101 

Euphorbiopbyllum 101,102,152,259-200 

eooenicum 157 

fayettensis ^ 46,66,142,157,259-260,^ 

Eupborbioxylon 101,102 

Eurya 114,294 

serrata 295 

Euryandra 294 

Eusideroxyleee 115, 117 

Excoecaria 102 

Exostema 131,138,139,146,349 

caribseum 131,161,349 

pseudocarib»um 24,42,52,143,146,161,349,^ 

F. 

Faboidea 852 

Fagaoeec 62,81,152,189-193 

Fagales 62,81,189-193 

Fagara 88,96,97,136,146,251-258 

eocenica 49, 65, 142, 156, 251-252,  W 

l^igara 252 

hurleyensfs 43, 65, 141, 156, 252,  .jOJ 

puryearensls 49,65.142.156,251,.<05 

vicksburgensis  orbiculata 251 

spp MO 
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Fagus  femiclnea 21,23,28 

Fioophyllum 82 

Kcus 9,10,11-13,22,82,83, 

88,94, 136, 146, 147, 151, 152, 194, 197-S07, 218, 286, 317, 332 

amoricaiiSi.. 154, 205 

angnstifolia 164,206 

artocarpoides 26,56,62,144,148,149,154,197,200,585 

ciimamoides 22,40,62,141,107,198 

cuspidata 204 

denvoriaxia 10» 

1 1-12, 25, 52, 66, 56, 62, 141, 147, 148, 154, 107, 108 

defihayesl 324 

elastioa. 82,154,204 

eoUgnitica. 52,62,143,154,107,203-204,580 

fennginea 164, 204, 206 

goldiana 12,25,198,201 

goWlanavar 26,201 

harrjsiana 12, 25, 26, 65, 57, 62, 144, 147, 148, 154, 107, 198, 201, 585 

jynx 164,203 

lanceolata 344 

laqueata 205 

UUifoUa : IW 

mJchelotL ► 164,201 

moDodon 22,39,43, 

49,62, 140, 141, 143, 147, 148, 149, 164, 107, 201-202, 204,581,58f 

multinen-is 23,24,205 

myrtifollus 23,24,41,42,52,62,141,107,205,575 

neoplanioostata 57, 62, 147-148, 154, 107, 108-100, 468 

oblanoeolata 223 

occidentalls 10, 12, 43, 62, 113, 140, 148, 164, 107-108, 200, 201, 577 

planieosUUa 27,198,199.203 

planioostata  olintool 200,201 

latltolia. 62,148,164,10^200 

maxima...,  25, 27, 49, 66, 57, 68, 62, 141, 148, 154, 107, 100, 200, 585 

popuUformis 204 

pseudocuspidata 49,62,141,154,107,577 

pseodolmediafolia 49,63, 62, 141, 147, 164, 107, 20ff,  575 

pseadopopulus 49, 

57, 62, 141, 147, 148, 149, 164, 107, 200-201, 589, 462 

poryearensis 89, 

43, 49, 62, 140, 141, 143, 164, 205-206, 256, 579, 577, 57P 

elongate 49,62,141,154,107,206,577 

schlmperi 22,25, 

32, 43,^49, 66, 58, 62, 113, 140, 141, 147, 16l,  154, 1 07, 202, 204-205, 580 

tpeetttbUU 11,25,198,200,201,202 

cUntoni 201 

tOiiBfolb 12 

UDcate 202 

miionensis 206 

VBUghanl....  25, 32, 40, 40, 52, 58, 69, 62, 141, 107, 199, 203, 58i, 58^,44/ 

venoaa 204 

wflooxensis 23,24,49,52,62,141,164,107,202-203,579 

sp 10, 12-13, 25, 41, 62, 82, 141, 154, 107, 206-207, 575 

spp 154 

PfllacMB 152 

FOicalea 60,164r-160 

Ffllces 60,164-160 

Flabellarto 100 

eoeenica 177,178 

Flaooortiaoese 113 

Forchhammeria 90-91 

Fiangulaoese 108 

Fraunhofera 105 

Fraxinus 129,136,139,152,270,204,340-341 

Johnstrupi 26,39,49,66,70,129,143,145,149,160,340,341,^ 

pennsylvanica 340 

wflcoxjana 49,70,143,340,^ 

Fraslera 114,294,295 

midiilp  te 295 

spp 158 

Fungi. 60,162-163 

G. 

Galium 132 

Galphlmlefle.: 99 

Gamopetelfle 69, 77, 87, 122, 124-125, 126, 131, 145, 332-353 

Gardenia 132 

Gaylusaacla 286 

ledifolia 270 

tertiaria 270 


Geinltzia 146,173 

Gentlanales 70,126,128,340-345 

Geonoma 76 

OeraniacesB 96 

Geranlales 65,96,101,102,251-260 

Gerontoges 103 

Getonia 104 

petreiefonnis 260 

Ginkgo. 100,148 

hInerwUa 165 

Olandonla 100 

Oledltsla 92,95,151,238 

trlacanthos 238,240 

wesseli 241 

GleditsIophyUum 93,95,146,238-241 

constrlctum 49,64,142,156,230,-^ 

elllptlcum 49,64,142,156,230-240,^ 

entadaformis 41,64,142,151,156,241,-^5 

eooenicum 39, 49, 50, 64, 142, 144, 156, 226, 238-230, 240, 241,  S9S 

fructuosum 41,64,142,156,240-241,^ 

hllgardlanum 43, 64, 141, 156, 240, -<00 

minor 49,64,142,156,240,-^ 

ovatum 49,64,142,156,230,.^ 

Glelchenla 146 

Glossopetelum 105 

Gluto 103 

Glyptopetalum 105 

Glyptostrobus 75,146,152,160-171,174 

biUnkus 170 

europfeus 40,42,61,75,141,149,153,160-171,594 

europKua  Ungeii 170 

heterophyllus 153,171 

oeningenai9 160 

pendulus 153,171 

Ungeri 170 

Goeppertia  anomala 310 

hirsute 310 

spectebills 312 

Gonlopteris 167 

Oordooia 114,294 

exoelsa 295 

Gouania 108,110 

Gouatterla 132 

Goupla 106 

Graminales. 61, 174-175 

Graphicdites  sabaleos 163 

GwvlUea 85 

GreviUeophyllum 86 

Grewla 110-111,113,151,221,286 

crenate 286 


spp. 


158 

Grewiopsls 110,111,146,152,267,285-286,346 

tonnesaeensls 44, 58, 67, 142, 144, 149, 158, 285-286, 4IS 

tuscalooeensis 286 

Grumilea 132 

Guarea 98,99 

Guetterda 131,136,139,146,348-340 

eUiptlca 131,160,349 

elUpttoifolla 41,49,143,160,348-340,4^5 

Outtifer® 113 

Gyminda 105, 106 

Gymnodadus 02 

Opmnogramma  hajfdeni 164, 167 

terterea 165 

Gynmospermae 60, 75, 160-174 

Gynmosporla 105 

H. 

Htemadlctyon 130 

Haemocharis 114,294 

semlserrate 295 

Hakea 84,86 

Hamamelldaoese 63,91, 210-220 

Hamamelidoideae-ParrotleeB 220 

Hamamelldanthium 91 

Hamamelis 91 

Ramamelites 91 

HarpuUia 106 

Hedera 122,123-124,201 

helix 124 
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Bedflnephyniim 123 

Bedraianthflra 105 

Hedysanun  boUviaiitim. 238 

falcatum 238 

Helida 83,84 

Helictcree 112,113 

HeUcteras 112,113,288 

HeliotropltM 130 

Henleophytnm 100 

Hennannia 112 

Heterocalyx 104,146,aeO 

saportaoa. 42,flft,142,157,260,^ 

ung«ri 157,260,^ 

Heteropteris 100,257 

Hlbertla 113,114 

Hioaria 80,146,187-188 

antlquonim 25,55,61,143,149,153,187-188,268 

Hippomane 137,250 

iiianclDfiI]& 259 

100,146,257-««8 

intermedia 156 

wUooxiaiia. 49,65,142,156,257-268,409,^ 

«^-100 

Hoflmaimia 132 

HoUgama 103 

Hovenia 110 

Hoveniphyllnm. 110 

HumiriaoeiB 65,90,255 

HydnaraoeeB 87 

HydrocaryaoeeB 09,121,326-327 

Hydrophyliaoen 130 

Hymflntea. 05,146 

Hyoserites 353 

Hypsophfla 105 

Hysteria : 163 

L 

ICBOarea 126,139,146,832-333,335 

daphnoldes 333 

dentata 333 

lanoeolata 333 

panicolata : 160,332 

prepaniculata 33,49,09,126,143,160,332-333,450 

prinueva 333 

semicranata 333 

Hex 104,136,146,152,263-264 

afBnis 26,56,66,144,264 

berberidlfoUa i '. 264 

eoUgnitica 42,66.142,263,408 

fltenophylla 264 

Tomltoria 157,264 

vomitariafolia 42,66, 142, 157, 264, 4iS 

sp 27,55,66,144,264 

lUcaoeeB 66,102,104,139,152,263-264,293 

niidnin 88 

Inga 94,146,147,222-224 

arkanaensis 223-224 

coital 94 

cretaoea 94,223 

laurina 155,224 

laurinafolia 66, 63, 144, 155, 223, 224,  SPT 

misslssippieosls 21, 23, 42, 63, 142, 144, 155, 222-223,  S94 

ocbseniusl 223 

puryearensis 49,64,142,155,223-224,400 

wickllflensis 62, 64, 144, 155, 223, 224, 59fi 

spp 165 

Ingeae 94,225 

Integrifolis 112 

Ipomcea  pes-capne 248 

Iriartea 76 

Isomeris 90 

Isonandra 127 

IsonandrophyUum 126 

Ixora 132 

J. 

Jambosa 347 

vulgaris 347 

Janusla 2J7 

Jasmintun 129 


Jongmansia 9P 

Juglandaone 61,152,182-188,280,270,29? 

Juglandales 61,182-188 

Juglandites 104 

Juglaas 80,136,146,151,152,182-183,187,194,345 

acumiiiata 14 

appressa 22,25,2b 

benyi 26,52,56,61,141,147,154,188 

leoonteana 346 

Tugota 24,26,182,273 

saffordiana 23,27,61,141,182,208 

Whimperi 24, 26, 39, 49, 52, 53, 56, 57, 61, 78, 141, 143» 

147, 148, 140, 153, 182-183,367,368 

(?)8p.  nov 25 

Jimgennaxmites 146 

Kadsura 88 

Kalmia 146 

Klippsteinia  meduUaris 97 

Knightia 85,87 

exoelsa 155,206 

KnightlophyUum .* 86,87,146,208 

wilooxianum 40, 63, 141, 155,208,584 

Knightites 85 

gaudlni 290  footnote. 

salyonun 280  footnote. 

Koebeuteria 107 

Kiameriaoefle gg 

L. 

Labatia 127 

Labiat® 78,125,130 

Labiatiflone 130 

LaguncQlaria 120,121,136,146,147,320,321,323 

preracemoBa 41,49,60,143,150,320,339,444 

racemosa 159,320,339 

Lambertia 84 

Lasiocarpos loo 

Lasiopetales 1 112,113,288 

Lastrea -. ^ 167 

Laoraoee 9,13-14,39,68.88,04,101,115,116,117, 

122, 136, 139, 148, 152, 188, 296-814,327 

Lauree 117 

Lauridia 106 

Laurinoxylon 314 

branneri 25, 53, 68, 144, 150, 81 4, 5tf 

Lcuuoides 312 

Lauropbyllom 115,117,313 

flonim 46,68,141,313,455 

Juvenalis 49, 68, 141, 313, 4» 

prefloram 46,68,141,313,^ 

rlgidum 3O6 

Lauras 10,13-14,115,117,151,152 

attenuata 151,158,304 

blseriata 150,314 

ealifomieaf 24,306 

earolinUntit 21,23,306,300 

ezcellens 3Q0 

oooteoides 13 

pedahu 22,341 

pnestans 301 

prtmigefUa 26,159,303,311,344 

prinoeps 344 

ratonensis 206 

reu»8ii 345 

soeialU 25,306 

vtdhentit 12,25,198 

wardiana 10,13-14 

or  Lltsea  «p.  nov 25 

n.sp 22 

Leguminostt 39,83,86,91,92,93,05,96, 

136, 137, 139, 148, 152,201,234 

Leguxninosites 95,96,146,151,152,240-251 

aracbioides 58,65,144,148,140,156,249-250,397 

oalpumioides •. 236 

derelictus 266 

prefollatus 49,65,142,249,597 

reniformis 40,65,142,251 

suhovatus 40,65,142,251 

wicklillensJs 51,05,144,250-251,400 
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Leftneriales 77 

LemnaoeiB 77 

Lepidophjrta 60,169-164 

LeptospermsB 118 

Leptospennites 120 

Leptospennocarpum 120 

LeptospermoideflB 118, 119 

Leptospennom 120 

Leucadendrites 85 

Leucadendron 85 

Leuoospermum 83 

Ligustrum 120 

Ltparilns 92 

Liquidambar 91 

formosana. 92 

styracifliia 92 

Liquldambaroxylon 92 

Uriodendron 88, 146 

I4riod0iidropsis 146 

UtSOBBB 116,117 

LitsflBaexpansa : 158,304 

Livistoma 76 

LobataB 11,112 

Loganlaoes 128 

Lomatia 83,85 

Lomatites 85 

LcDCbocarpus  obtuslfolius 243 

Lopbanthera j lOO 

Lophopteris 100 

Loxostylis 157,260 

Lobea i 110,113 

Lyoopodiaoeee 60, 163-164 

Lyoopodiales 60,163-164 

Lyoopodltes 163-164 

(7)  eollgnitlcus 42, 60, 75, 141, 163-164, 55^ 

Lygodiam 22,74,139,151,16^166 

binervatum 22,43,57,60,140,153,165-166,957 

kaulfusii 166 

Llg7da(7)8p 33,-^ 


ICaba 127 

MacbiBrlixm 247, 248 

liachilus 115 

Macrelgbtia 127,128 

Macropaoax 330 

ICaesa. 125,126 

Magnolia. 28,88,89,136,139,146,151,152,914-216,321 

acuminata 22,80 

anguatifolia 26,49,56,57,63,141,148,155,214-215 

aUenuata 214,215 

cordifdlUi 23,321 

delgadoi 80 

foBtida 253 

glauca 80 

IMgardiawi 15,22,23,26,325 

lanceolata 26, 215 

tetti^Wto 15,23,25,28,325,328 

leei 43,49,63,140,141,148, 155, 215-216,  JM 

lUUffana 23,323 

WHUit 23,25,321 

(Michelia?)  proxlma 272 

rotundifoUa 22 

trlpetala 324 

ICagnoliaces 63,88,89,152,214-216,253 

ICalapoBnna 115, 146 

Mallotus 101 

Halplgblaoece 65,96,99,152,161,255-258,353 

Malpigbiast  rum 100 

Malplghieee 99,139 

ICalvaoece 72,110,112 

Malvales 67,110,285-291 

Mangifera 103,260 

ManglfersB 103 

HanJcaria 76 

Manihotites 101,146 

Marattia 146 

Mateyba 107 

ICauria 102 


Maurooeoia : los 

Mayepea 129 

lfayt«iU3 106,146,264-265 

boaria 157,265 

chilensts 265 

europsea 157,265 

puryearensls 49, 66, 142, 157, 264-265, 4iO 

vertioillatus 265 

Melanorrbea 260 

lielastomaoes 138 

Helastomataoes 69,118,119,122,152,159,327 

Melastomites 122,146,327 

amerleanus 27,39,46,49,69,143,145,159,327,^ 

MelbaaJa. 113 

Melia gs 

asedaraoh os 

MeUaM» 65,96,98,99,139,152,253-255 

Meliaoesecarpum 90 

Meliadfilpha. 96 

MelochJa 112 

Melodcnnim 80 

Meniphylloides 74,75,146,166-167 

ettlngahauseni 39,57,58,60,143,153,166-167,558 

Meniphyllum 75,167 

elegans 153,166 

MeoJacium 75,153,166,167,216 

ntioulatum 167 

MenispermaoMB 63,218 

HenJspennites 146,218 

wflooxeosis 57,63,218,^4,-^ 

MoUspermum  canadense 27 

Mespilodaphne 14,115,117,146,305-308 

oouabatta 26, 

49, 52, 56, 68, 142, 144, 151, 159, 301, 306, 807-^808,  Ji$9, 486 

elflgana 40 

«>Ugnitica 26, 

39,43,49,56,50,68, 141, 144,159,306,307,310,^ 

glauca 158,306,306,^89 

poeodoglaiica. : 24, 

25, 46, 49, 52, 55, 57, 68, 141, 158, 306-307, 306,  i89 

puryearausis 49,68,142,150,805-306,^ 

aaaaafras 307 

Metopium 88,104,136,146,260-261 

metophim 157,283 

wilooxianum 39,49,58,66,142,144,260-261,^,^ 

MetrosideroB 118,119,120 

MJcbelia 88 

Mlcropodium 231 

oligospermum 231 

Microstelra. lOO 

MJcrotropis 106 

MiUuaa. '. 80 

Mimosa 94,227 

Mlmosaoes 63-64,92,93, 138, 152,214, 222-228,252, 254,323 

Mimosltes 93,94,152,226-228 

acaciafoUus 49, 64, 142, 226-227,  aa* 

adenantbera 320 

eassiffiformis 227 

baeringiana 227 

inequilateralls 46,64,142,226,227,594 

lanceolatus 46,64,142,226,227,594 

palsBogsea 227 

spatuktus 227, 237 

vartablUs 27,39,42,46,49,52,64,142,144,226,227,594 

Mlmusops 39,88,126-127,146,147,248,340-340 

claibomensis 340 

eollgnitica 22, 23, 43, 49, 70, 141, 143, 160, 340-340, 44« 

longlfoUa 339 

mississippiensis 39, 70, 145, 160, 340, 4S7 

sleberl 160,339 

sieberUbUa 49,70,143,160,320,340,44^,449 

spectabiUs 339 

terttoria. 339 


spp. 


160 

Mionandra 100 

Monocotyledons 61,76,92,124,174-182 

Monodora 90 

Monstera. 77,153,176 

deUdoaa 176 
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MonceiB 9,11-13,39,62,81,83,152,194-207,335 

Morinda 132 

MoringaceaB 90 

Mortonia 105 

Moras? 22 

Hountnorrisia 114 

Moscboxylon 99 

MoBia 100 

Husa  bilinica 182 

speciosa 182 

Mosaoeae 181-182 

Musophyllum 181 

oompUcatum 181 

Myrda 39,118,119,120,136,146,162,314-317 

acutata 159, 315 

antedjluviana 317 

bentoneDsis 22, 27, 29,39, 

,  40, 43, 46, 49, 54, 69, 141, 143, 145, 147, 159, 163, 314, 316, 317, 318, 4^ 

giraadensis 69,145,150,314,316,-^ 

lancifolia 159, 315 

parvifolia 49, 68, 143, 159, 31 4, 315-316,  ^ 

puryearensls 49, 69, 143, 159, 3 1 4, 316-31 7,  -WO 

rostrata 159, 315, 317, 4S9 

terebinthaoea 159.317 

vera 40, 49, 68, 143, 159, 31 4-315, 316, 4S9 

worthenll 22, 23, 49, 68, 143, 159, 3 14, 3 15/316,  <^ 

spp 150 

Myrciaria 120 

tenuifolia 275 

Myrica 80, 86, 136, 139, 146, 151, 152, 188-189, 195, 211, 270 

aquensis 188 

banksloides 209 

oerlfera 81,154,188,189 

copeana 23,24,27,269 

elseanoides 23,24,43,46,61,81,140,141,188,367 

gate 189 

hakeiefoUa 188 

ILeatiffiana 194 

ILesngii 194 

nigricans 189 

roglnel 192, 193 

wflcoxensls 39,61,81,143,154,188-189,5^7 

Spp 154 

Myricaoese 61,152,188-189 

Myricales 61,80,188-189 

Myrioophyllum  gracile 209 

zadiariense 209 

MyrsinaoesB 09,  ?2, 125, 128, 33JJ-333 

Myrslne 125-128,146 

Myrslnites 126 

Hyrsinopsis 126 

Myrtaoes 68-60, 83, 86, 118, 119, 120, 122, 139, 152, 205, 314-319, 327 

Myrtales 15,68-60,118,314-387 

Myrteae 1 19 

MyrtoIde» 118,119-120 

Myrtopbyllam 120 

Myrtus 118,120,315 

rectinervis ISO,  319 

N. 

Naudea 132 

Naucleoxylon 132 

Nectandra 14, 115, 117, 147, 306, 308-31 2 

antlllana 159,308,  -^^ 

arkansana 309 

coriaoea 150,311 

glenni 68,142,159,304,308,309-310,454 

kragil 159,310 

lancifolia 21,22, 

23, 25, 39, 43, 49, 50, 55, 58, 68, 141, 142, 144, 148. 159, 308-309, 310, 4S4 

lowil 40,52,68,142,162,308,310-311,457 

patens 150,310 

pseudocoriooea 26, 39, 40, 41, 43, 

49, 52, 54, 56, 57, 68, 141, 142, 144, 159, 188, 308, 310, 311-31 2, 436, 4SJ 

puryearensls 49, 57, 68, 142, 308, 310,  ifi4 

sp 49,57,58,68, 142, 308, 318, 45» 

Nelumbo 176 

Nemopantbes 101 


Nepbolltes 107 

NephelJum 107 

Neritinium 130 

Nerium 130,317,342 

bilinicum 342 

oleander 130, 342, 345 

parisiense 317 

rohlii ISO 

sartbaoense 160,342 

Neuradoideac 92 

Nlpa 76^  77, 82, 138,  m 

fructicans 153 

Nipadites 28,39,139,176-177 

burtinl 17©,177 

mnbonatus 39,61,143,152,153,176-177,4^1 

uwhowUvA 153,176 

Nordenskiddia Ill 

Notelaea 120 

Notaphcebe lis 

NyctaginaceaB 63,87,152,2ia-214 

NympbsBaceae 88,176 

Nyssa 124,136,146,152,331-332 

eollgnitica 49,60,143,160,332,44^ 

lescurU 332 

molticostata 332 

wilcoxiana 49,57,69,143,160,331-332,446 

spp 160 

Nyssidium -. 124 

Nyssltes 124 

O. 

Ochnaoeffi 292 

Ocotea 88,115-116,117,302,306 

catesbyana 311 

Odontocarya 218 

Oenocarpns 76 

Olea 129 

avierkaina 22,341 

Oleaceffi 70,128-129,152,340-342 

OlesQcarpum 129 

Oleales 128 

Oleopbyllum 129 

Omalanthus 101,250,346 

Ompbalea 101 

Onagiaceee 124,326 

OnooUieca 104 

OnograceflB 121 

Opuntiales 77 

OrdiidacecB 02,93,128 

Oreodaphne 14,115,117,146,301-305,312 

alabamensis 304 

blancheti 310 

cousbatta 28, 56, 57, 68, 144, 149, 158, 301, 302-303,905, 4SD 

f  OBteus 158, 301 

guianensis 158,305,450 

mjssisslppiensis 26, 

41,56,57,68,141,151,158,301,303-304,307,300,310,45/ 

obtusifolia 35, 

26, 39, 41, 43, 44, 49,  SO,  55, 57, 58, 68, 141, 
144, 147, 158, 301-302, 313,  ^£9, 45»,  439 

pseudoguianensis 49, 56, 68, 141, 158, 301,305, 306, 4» 

puryearensls 43,49,68,141,158,301,303,308,45* 

salinensis 53,54,68,144,301,303,306,451 

wilcoxensis 49, 68,141,301, 305, 4^ 

spp 158 

Oreomunnea 79, 80, 1S4 

sp 154 

Oreopanax 123,329-331 

minor 40, 69, 143, 160, 331, 44« 

oxfordensis 40,54,69,143,160,290,329-331,447 

taubertianus 160, 329 

xalapensis 160, 329 

Omitbopterla 165 

Osmanlhus 129,139,146,341-342 

amerlcanus 130,160,341,445 

floridana 341 

pedatus 22, 43, 49, 70, 141, 143, 148, 160, 341-342, 455 

Osmunda...! 165 
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Ortrya 361 

atlanUdia 351 

humilis 351 

wBlkeri 161,351 

spp 161 

OvmuA « 

Oxalid£M»ie 96 

OxyznitXB 89 

P. 

Pachynema 113 

Pachystima 105 

PalsBOcassia 146 

Palsodendron 86,146,207 

americanum 40, 53, 63, 141, 155, 207,  SS7 

gypsophitoum 155,207 

Palieoloblum 225,247 

bseringiaiium 155,225 

spp 156 

PaUurus 108,109,110,139,146,279-280 

aculeatiu 157,158,279 

angiutus 42,67,142,280,«/,4« 

oolombl 158,280 

tevonii 279 

]itigi06iis 279 

mjssissippiensis 42,67, 142, 157,279-280,^1,449 

obovatus 280 

orbicnlatus 280 

ovalls 280 

pinsoneDsls 46,67,142,158,280,449 

lamossimus 157,279 

tenuifollus 167,279 

tburmaimi 279 

Palmaces 72 

Falmae 152 

Palmales 76 

Palmata,  section  of  Lygodhun 153 

Panax 123,146,208 

arboreum 206 

Pandanaces 76,77,177 

Fapaveracea 90 

Papaverales 63,90,218-219 

Papillonaoeee 9, 

14-lA,  65, 91, 92,93, 95, 138, 152,238, 241-251,252,253,352 

Paraengelhardtia 80,139,146,180-187 

eooenica 49,61, 141,1 80-187,  SW 

Paratropia(T) 123 

Parietales 67,110,113,291-290 

ParishJa 104,260 

Parltium 138 

Parkinsonia 95,237 

aculeata 156,237 

recta 156,237-238 

Parrotia 91,219-220 

ctineata 63,142,149,155,219-220 

grandidentata 220 

spp 155 

Fasania 81 

PauJUnJa 101,106,107 

Pavetta 132 

Pavonia 346 

Pelliciera 114 

Persea 14,115,117,146,147,151,300-301 

catesbyana 311 

coriacea 301 

landfoUa 22,308 

longipetlolatum 25, 

26, 49, 56, 57, 58, 68, 141, 144, 148, 158, 300-301, 455 

palsBomorpba ;, .  159, 310 

pubescens 304 

regularis 151,159,308 

rigida 301 

tpedOM 26,68,300 

wllooxlana 144,158,300,455 

n.  sp 22 

spp 158 

Persoidese 312 

Personates 70,125,130,340-348 


Persoonia 86,146,337 

caspidata 85 

daphnes 85 

myrtilltis 85 

Pestalozzia  spp 153 

Petne 131 

Petrophila 85 

Petrophiloides 85 

Phaddium 162 

Phaseoles 219,248 

Phellodendron 97-^ 

PhfUyrea 129 

Phoebe 115 

Phoenicites 76,179 

Phoenix 76,77,82 

Phragmites  ceningensis 25,28 

Phylica 108 

PhyUanthus 101 

PhyUites 39,136 

coocolobeefolia 212 

ivMut 171 

truwxUuM 23,339,340 

wncoxensls 39,61,143,182,45/ 

sp 353,455 

Phyllodlnese 93,222 

Phytelephas 76 

Pllocarpas 98,353 

sp 161 

Pinaoeffi 61,75,152,109-174 

PInus 146 

Piperales 77 

Piperltes 146 

Piscidia 338 

protogea 152;  160,338 

Pisonia 88,129,136,139,147,152,213-214 

aculeata 155,214 

ohlorophylloides 22, 43, 63, 140, 155, 214, 595, 59i 

olafbomensis 214 

eooenica 155,214 

eolignitica 49, 63, 141, 155v  213-214, 587 

floridana 213 

Jacksonlana 214 

longilolia 155,213 

macranthocarpa 213 

puryearensis 49, 63, 141, 214,597 

Pistacia 102,103 

lentiscus 103 

Plstla 77,175 

claibomensls 175 

comigata 175 

mazelll 175 

stratiotes 153,175 

wllooxensis 57,61,153,175,4ff« 

Plstites  loriformis 176 

Pithecanthropus  erectus 94, 124 

Pitheooloblum 88,94,146,225-220 

duloe 225,594 

eooenJcum 49,64,142,155,225,594 

glomeratum 225 

oxfordensis 40,64,142,155,225-220,554 

saman : 165, 225 

tenuifolium 225 

tertjarum 225 

unguiscati 225, 594 

Plttosporaoete 72 

Planera 81,193-194.294 

crenataC?) 39,62,143,193-194 

Planltors 99 

Plantaginaces 1 25 

Plantaglnales 78,125 

Platanaoeee 9,13,91 

Platanales 13,91 

Platanus 10,13,146,148 

aoeroldes 13 

aoeroides  latifolia 10, 13 

dubia 327 

guiUelme 25, 28 

nobills 328 

siril 158,287 
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PlatlpodJum  potoslanum 236 

PlectooomJa 179 

PlalocUnus 99 

Pleiomeritw 136 

Plenckla 105 

PleBiooApparto 91,219 

Pleurothyrium 115 

Plumba^naoBs 125 

Plunwria 129,130 

PluxneroldeiB 129 

Poa«»» 61,76,174 

PoacitM 174 

flnnns 174 

lajvis 174 

»P : 27,55,61,143,174 

Podooupiu 73,137 

Podogoiihim 231,23^239 

iTQlUaoixm 237 

PodolyriMB 92 

Podocamttas 146 

Polemoiiisoee 130 

polflmonJalis 70,126,130,345-846 

Polyalthia a9 

Polyctaa 122 

poljrgalaoee 96 

Potyoardia 105 

PolygODSOee 63,87,124,212-213 

Polygonalfls 63,87,212-213 

Polygonam 87 

PolypodlBioea 60,74,106-168 

Polyactes 124 

Pooiadenis 110 

PonmdHrtt«8 110 

Poporvia 89 

PojmlllS 111,146,148,286 

arctioa 286 

ooniata 286 

daphnogmoidfls 286 

gtiMtiiz. 280 

glandulifora 286 

monodon 22,201,202 

mntabllis  ovalis 202 

mutabUls  yar .  repando-cranata 23, 28 

pateomdas 286 

rhomboSdfla 22 

faddachi 280 

n.ap 22 


sp. 


158 

Ponnasp .* 34,28 

Posoqtiaria 132 

Poaroama 11 

goJaniiuis U 

texana 11,18,19 

Prangos 124,351 

spp 161 

PrimulaoecB • 125 

PrimulalM 69,125,332-333 

Prlnos 104 

Protamyris 97 

barmiofls 97 

radobojana 97,254 

Protoa 83 

caolesoens 207 

Protcaoee 63,83,86,119,139,152,161,207-211,257,270,337 

Protofephyllum 84 

Proteales 63,83,207-211 

Proteoides 84,86,87,146,152,207-208 

cniMlpes 155 

wUooxensis 39, 49, 57, 63, 141, 144, 155, 207-208,  S84 

Protaophyllum 84 

Proteopsis 84 

Protium 353 

Protodammara 146 

Protophyllocladiu 146 

Pninus 92,221-222 

earoliniana 21 ,  23, 222, 223 

deperdlta 222 

naborteiisis 57, 63, 221-222, 46S 

ambeUata 221 


Psendolmadia 82,146,106-197,206 

aooenica 40,141,154,196-197,579,577 

«paria 154,190-197 

PBeudotcnax 122 

PsidJum 120 

Psydiotria 131,34»-30O 

SnndifoUa. 49, 131, 143, 349-360,4^4 

gnndis 131,350 

Psydiotriphyllmn 132 

Pt«lldtam 106 

Ptflnndia. 100 

Ptwidophyta. 60,74,163-169 

Ptwis 74,168-169 

piniurformu les 

pscudopinnseformls. . .  26, 39, 55, 57, 60, 143, 148, 153. 167, 168-169,  S56 

PtttooarpiiUD 247 

Ptcrocarpos 247,348 

PteitMselastnis 105 

Ptcngyna  obkngifolia 316 

PUropetalum 90 

Pt«wpennit€B 113,146,171,387 

Pterospwmum 113 

PatUrlidda 105 

Pynmldotom 09 

Pyrenaria 1 

serrata 

Pyrenomyoetes  (7) 60,162-168 

Q. 

Quarcufl 22,81, 148,308*37 

angostfloba 25,28 

brevifolia 210 

califDmica. 34 

ehioropkftta 22,29,214,339,340 

cnasiiMrvia 191 

enutiuerviM 21,23,191 

cuspidata 34 

ct.eutpUttta 191 

deeurrens 299 

ebena 188 

furcliMnrls 309 

linearis los 

LfettU lJ>,22,23,3Q8,a09,835 

fnicrodffilata 36,201 

moof« 22,25,27,190 

mfrti/oUa 21,23.344 

Mriltolia 24,  27,  210  footnote.  342 

nenrifoUa 34 

palsopheUos 307 

fdieUos 219 

retneta 22.25.29,319 

taffordi 21,22,23.24.27,193-193,308 

«p 27 

R. 

RafflflsiaoMB 87 

Ranalfls 13-14,63,88,91,115,145,214-818 

RandJa 137 

Raawolfia 139 

ReevBia 388 

thyrsoidea 288 

Roedaoen 90 

Reynoaia 88,109-110,136,139.146,353,281-282 

pnenuntia 42,49,67,142.157,281-282.4f7,4J8 

wptentrionalls 157,245,281.282 

wllooxlana 49, 67, 142, 157, 282. 4U 

Rhaooma 106 

Rhamnaoe«e 67,108,152.245,253,277-286,298,327 

Rhamnaclnium loO 

Rhamnales 67, 108, 277-286 

Rhamnites 109,286 

berohemiafonnis 50,67, 144. 286.i» 

bumeliaformis 284 

Rhanmus 33,108,109,136,139,146,152,212,279,282-285 

brevilollus 265 

Clebumi 25, 26, 39, 55, 67, 144, 148, 158. 280, 282-264. 2S5 

oousbatta 26, 39, 56, 57, 67. 144, 148, 158, 282, 283, 284-285. 417 

eoligniticus 49, 57, 67, 142, 149, 158, 282, 283, 284, 285, 418, 4M> 

eridani 25,308,309 
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Bbanmtu  margtnatna 22, 

43, 45, 49, 67, 141, 142, 38^-283, 284, 285, 4iO,  W 

apkulatos 43,67,141,282,283,4/5 

puryearansis 49, 67, 142, 284,4/5 

n.sp 22,33,4^ 

Rhapidantbe 127 

RhlnJum 234 

Rhisophora 138 

Rhoedales 90 

RholdesB .' 103 

Rhoidiiim 104 

Rhopala 86,270 

Rhopalopbyllum 86 

Rhopalospermltes 86 

Rhus 22,102,108,294 

antUopum 103 

oopallina 263 

metopium 263 

palaaophylla 262 

Rhytidotheca 90 

Rhytlsma 162 

Robinia 93,250 

Roeperia 90 

Rosaces 63,91,92,220-222 

Roeales 14-15,63, 91, 219-251 

Roupala 83,86 

Roydsia 90 

Roydsioidese 90 

Roy«na 127,128 

Rubia 132 

RubiaoeiB 71,72,93,131,138,161,348-353 

Rubiaoeaxarpum 132 

Rubiadtes 132 

Rubtephyllum 131 

RubJales 71,125,128,131,348-353 

Rubloides 132 

Rumex 87 

Ruprecbtia 87 

Ruta 97 

Rutaoete 65,72,96,97,98,251-252,353 

8. 

Sabal 22,76,178 

adanaanii 76 

grafana 22, 1 77 

mi^or 153,178 

palmetto 77,153,178 

BabaUtes 40,75,77,136,146,151,152,177-179 

grayanus 22,39,40,42,46,49,50, 

52, 53, 54, 57, 58, 50, 61, 141, 143, 147, 148, 153, 1 77-1 79,  S69,  S6t 

sp 27 

Sabloea 132 

asperifoUa 281 

Salicales 77 

Salisburia 22 

Wnenwte 22,166 

Salix. 146,188,315 

angutta 24,27,275,317 

dentinervis 23,317 

longa 343 

media , 24,29 

tabeOaris 22,25,343 

worthenii 22, 23, 315 

sp 27 

Santalales 77 

Saplndaoeae 66-67,101,102,106,152,269-277,293 

Sapindales 66,96,102,108,260-277 

Saplndoides 107 

Sapindopbyllum 107 

8apind<q)sls 107 

flaplndus 106-107,136,139,146,152,272-277 

affinis 157, 272, 273, 276, 277 

anffUttifoUus 24, 25, 27, 274, 275, 276 

barak 272 

bentonensls 54, 50, 67, 144, 272, 273-274, 4/tf 

caudatus 25, 29 

ooriaoeus 25, 29 

oouahatto 26,56,67,144,272,273,-^4 


Saplndus  duUtM 24,27,186,186,202,208,268,267,349 

eollgniticus 27,49,52, 

67, 142, 144, 148, 149, 157, 272, 273, 274, 276-277,  ^9, 468 

fakifoliiu ' 23,24,202,203 

formosus 25,27,39,42,49, 

52, 55, 57, 67, 142, 144, 147, 149, 157, 272, 273, 274, 276, 217, 416 

grandifoUcaus 157,272,273 

insBquaUs 157, 272 

knowltani 49, 54, 67, 142, 157, 272, 273, 274,  ^f 

linearlfoliuB 24,27, 

42, 49, 52, 57, 50, 67, 142, 272, 273, 275-276, 318, 4/«,  468 

margbaatus 157,272,273,274,276 

missJasippiensls 24, 

27, 39, 42, 49, 52, 53, 55, 67, 142, 144, 147, 157, 
272,  278,  274-275, 276,  <4/f,  4/5, 4/5, 4« 

ozfordenslB 30,40,67,142,144,149,157,272,273,4/5 

paeudaffinls 49,66,142,149,157,272-273,4/5 

saponarJa 157,272,273 

turozanlnowii 272 

undulahu 22, 318 


sp, 


* 27 

Saplum 102 

Sapota 127 

Sapotaoese 60-70, 126, 127, 136, 139, 146, 152, 253, 262, 319, 334-340, 343 

Sapotacltes 127,146,161,162,237 

americanitt 23,26,337 

mimusops 339 

shirleyensls 336 

Sapotopbyllum 127 

Sapotozyloo 127 

flanuiha 131 

procumbens 848  footnote,  455 

sp 348,455 

spp 161 

Sarraoeniales 77 

Sassafras 100,115,117-118,146 

Sassafr'ldium H5 

Saurauia 113 

Saurauja 113,114,296 

Saxifragaoese 91, 124 

Schaefleria 106 

ScfaafanOda 182 

ollgoosenica 182 

Schefflera , 122 

Schinus 104 

Schizseaoee 60,74,164-166 

Schliandra 88 

SchmideUa 106,107 

Schmideliopsls 107 

Schrebera 105 

Scbwannla 257 

SdadopbyllumC?) 123 

ScltamJnales 61,181-182 

Scitaminophjrtan I8I 

Sclerolobiee 92 

Sclerotia 1 62 

Scropbolariaoese 78, 130 

Semecarpese 103 

Semecarpites 104 

Semecarpus 104 

Sendelia 126,132 

Sequoia 75,85,146 

couttsls 174 

langBdorfii 172 

Nordenskioldi 170 

toumali 173 

Serenoa 


178 

Serjania 101 

SesamieUa 112-113 

major 158,288 

Slderoxylon 126,127,146,334-335 

eUiptlcus 49,60,143,180,334-335,44* 

mastichodendron 160, 335 

premastichodendron 49, 69, 143, 160, 162, 335, 340, 44^ 

putterllkl 160,335 

surinamense 160,334 

Slmarouba 253 

Simaroubaoese 98 
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Simaruba 96,130,146,262-253 

eooenica 49,05,96,142,156,252-253,^ 

glauca 98,156,253 

officinalis 253 

SimarubaMfle 65,98^252-253 

Smllax? 22 

Solanaoefle 71,130,131,348 

Solanites 131,139,146,152,348 

broogiiiarti 161,348,^^ 

saportana 42,71,143,161,348,4*5 

Solanum 131 

Sophora 95,139,146,147,152,241-245,247,248,352 

claflxnrnJana 242 

europsea 95,156,242,243 

henryensis 49, 65, 142, 148, 156, 241, 242, 243, 244,^/ 

lesqiiereuxl 21,23.65,144,241,244 

macronata 49, 

65, 142, 241. 244-245. 401 

palaK>]obifolia 46, 65, 142, 156, 225, 241, 243-244, 40t 

puiyearansis 49, 65, 142, 241, 242-243,  ^i,^« 

repandlfolja 49,65,142,241,244,5^7 

secundiflora. 242 

tomentosa 95,156,242 

wllooxlana 39,42,46,49,53,54,57, 

65, 142, 144, 156, 231, 234, 241-242, 243, 244, 245, 320, 896 

spp 161 

Sophorese 238 

SoriDdeia 102 

Spathlphyllum 77,158,176 

floribundum 176 

lanceolatum 176 

Spathiflone 77 

Spermatophyta 60, 169-1 82 

Sphseria 162 


Sphenolepis 173 

Sphenostemon 104 

SpondiaM»rpti2n 104 

SpondJas 103,104 

Spondieae 103 

Spyridium 108 

Stenocarpus 85 

StercuUa 11,112,118,151,286-287 

diTersifoUa 112 

labrusca 112, 287 

limbata 287 

lugubris 820 

majoliana 287 

minima 112,287 

mucranata 112,287 

puryearensls 39, 49, 57, 67, 142, 144, 158, 286-287, 280, 42l,4U,4gS 

snowli 11,112,287 

tenulnervls 11 

St««uliacese 12, 15,67, 110, 112,138, 152,201, 286-289 

Stercullocarpus 112,130,146,287-289 

eooenicus 57,67,112,144,158,288,280,^ 

sexannelloldes 40, 67, 112, 142, 158, 288-289. 421 

Stercullphyllum 112 

Stewartla 114 

kowalowskll... 114 

Stigmatophyllon 100,257,353 

StUlingla. 102,250 

Stixis 00 

Strychnodapbne 115,116,117 

Stuartla. 205 

Stubella. 00 

Sty  looeras 102 

Styphnoloblum  europaeum 245 

Styracaoese 126 

Surlana  maritima 08 

Sweetlat«rtlarla 233 

Swletenla 06 

Sympetalfle 124 

Symplocaoeae 126 

S3auaidrodaphne 115 

Synoum 06 

Syrtnga 120 


Tabemapmontana . 
Talauma 


130 
88 


Taonabo ^ lu 

Taplrlalanoeolata. 186 

Taxiua  affinia : 171 

Taxodleee 170,173-174 

TiuodiUsdubiui 171 

euTopjnu 160 

Taxodlum 75,130,146,151,171-173,174 

distkhum 153,172,173 

^Utikhum/ouiU 171 

diatkhum  mioeenum 171-172 

dubium 46, 61, 75, 141, 147, 148, 140, 153,  171-173, 364 

europaeum 160 

oocidentale 172 

Raalhorm 171 

sp 46,61,141,173,36:4 

Teooma  radlcans 27 

Tepbrosia  euFopffia 237 

Termlnalia 15,30,89,121,136,146,147,151,331,323-325 

buoeras 324 

catappa 324,325 

hUgardlana 10, 15,  «0, 22, 23, 25, 26, 32, 43, 45, 40, 55, 56, 

57, 68, 69, 141, 143, 148, 140,  ISO,  324, 325,44i 

hylobates 150,324 

Iflsleyana 23, 43, 44, 40, 57,  SO,  69, 141, 143, 148, 150, 323-324,455 

Uttoialls 324 

phsBOCarpa 150,324 

I^UBocarpoldes 324 

radabojenaU 150,323,324 

wllooxlana 30,69,145,150,824,325,458 

n.  sp 22 

spp 150 

Termtnaliaceag 120 

TermlnaliphyUiun 121 

Ternstroemla 114,296 

Tenistroemlaceae 67,113,114,152,202,294-296 

Ternstrcemlacinlum 1 14 

TernstToemlphyllum 114 

TornstroBmltes 114,146,147,152,294-296 

olalbomensls 295,296 

floll^tleiB 40,67, 142, 158, 294-295, 206,455, 4r 

lanceolatns 30,40,67,142,145,294,296,455 

ovatos 39,49,57,67,142,144,294,295-296,455 

predalboraensls 49, 67, 143, 158, 294, 295, 296, 4r 

Teschla 104 

Tetraowa 113,114,292,203,294,350 

arboresoens 294 

senegalensls 294 

spp 156 

TetracUs 127 

Tftrantkem  praeeuraoria 26,302,303 

Tetraplandra 101 

Tetrapterls 100 

Thallophyta 60,74,162-163 

Thea 114 

Theaoes 114,294-296 

Thevetla 129,130 

Thoulnia 107,270 

Thrlnax 76 

ThymelflBaoese 115,327 

Thymeleales 66,88,115,296-314 

Thyrsodlum 109-103 

Tloorea. 96 

TUla 110 

TiUaoeae 67,110,111,113,138,218,285-286 

TlllaBphyllum 110 

Tlthymalus 101 

Toona 06 

Tovarlaceae 90 

Toxylon 300-301 

longipetiolatum 26,300 

Trapa 121-122,136,139,326-327 

bloomis 121,326 

blspinosa 121,326 

crednerl 122, 326 

cuneata 121 ,  326 

mlcrophylla 121,326 

natans 121,122,326 

wllooxensls 49, 69, 122, 143, 326-327, 4« 

TrapaceaB 118,121,326-327 

Tremanthera 114 
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Trioalycites 146 

TriCbilia 99 

Trichocarpse 103 

Trioomaria 100 

Tiioomarieae 99 

Trflobium 104,260 

Trithrinax 138 

Trlptery^lum 105 

Triatanltes 120 

Tabiflorse 130 

Tumion. 146 


U. 


TTlmaoeee. 
Ubnus... 


62,81,103-194 
292.293 


tenuinervU 26,292,203 

UmbeUales 69,122,124,327-338 

UmbeUifflwe 122,124,351 

XJmbelliflorse 122 

TJmbellularia 115 

Urticaoese 81 

UndetennJoied  plant,  nodal  disk  of 4et 

Urticales 11-13,62,81,91,146,103-207 

Uvaria 89 

V. 

Vaocinlumretloulatam 265 

Valerianales 78,125 

Vantanea 146,2*5 

paniculata 99,156,255 

wilcoxiana 49, 57, 65, 142, 156, 255, -(05 

Vaviea 98 

Venenats 103 

Verb«naoeaB 70,130-131,152,292,346-348 

Verrucalaria 100 

Viburnum , 220 

euneatum 219 

Violaoes....: '  113 

VJsnea 114 

'   Vitaoee^ 108,148 


Vltex 131 

Vochysia 214 

eiliptica 214 

W. 

Wahlbomia 294 

Widdrinrjtonltes 146 

Wimmeria 106 

Witheringia. 131 

sp 348,-^5 

X. 

Xanthoxylum 97, 251 

Xylocarpus 98 

Xylomltes 162 


Zalacca 17 

Zamia 109 

pumila. 76,153,169 

tertlaria. 153 

(T)  wllcoxensls 57,60,153,169,-^ 

Zamltos 76 

Zanthoxylon 221 

Zingfberaoese 181 

ZInglboritos t 181 

dublus 181 

Zinowiewla 106 

Zixyphus 108, 109, 110, 139, 146, 147, 152, 221, 277-279, 286 

olaibomensis 277 

falcatus 32, 49, 67, 142, 157, 277, 4/8. 4 W 

meeld 266 

meigsii 22, 

23, 27, 32, 40, 45, 46, 49, 67, 141, 142, 148, 157, 277, 278-279, 419 

napica 157,279 

ungeri 157,277 

vulgaris 109 

spp 157 

Zygogynum 88 

Zygophyllaceso 288 
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